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mail. Hewlett-Packard pays the postage. 


1. Are you able to find things yes L_I 
easily? _No LC} 

2. Does the manual contain all yes CJ 
the information you need? No = 

3. Is the presentation of Clear? C_] 
the material: Hard to understand? ea 

4, Is the organization of the Yes [| 
book satisfactory for Cl 
your purposes? No 

5. Would you have preferred a 
more expanded treatment of =e8 CJ 
Fourier theory than that on No [] 


pages 5-16 thru 5-19? 


6. How do you use the manual? 


Look up things when something goes wrong, 
or when you forget a command 


Read it through, try to do all it describes 
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Don't use it at all 
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like to see in the manual. 
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HOW TO USE THIS MANUAL 


If you have just received your Fourier Analyzer, turn first 
to Section II, which gives complete instructions on turning 
on the instrument and loading the Fourier tape. 


Then proceed straight through Section III. This is a self- 
teaching demonstration of some of the principle keys and 
input/output functions of the instrument. 


After that, you can set up your own experiments based on 
the information in Sections IV through IX, In addition to 
the Table of Contents, note the Index in the back of the book 
and the marginal identifier words on each page as aids in 
finding information. 
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Section | General information 
Section Il Turn-On/Off Procedure 


Section II} Learning to use the Fourier Analyzer 
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Section IV. Input Modes 


Section V Processing Operations 


Section VI Output Modes 


Section VII Programming and Editing Operations 


Section Vill Sample Programs 


Section IX Writing Assembler Language Programs for the Fourier Analyzer 





Figure 1-1, 


5452A WITH 2114B COMPUTER 











5450A WITH 2116B COMPUTER 


Fourier Analyzer Systems 


5450A WITH 21154 COMPUTER 














dere 


2 Pfheran 


ee eae re ie pn 











1-1 


Description 


SECTION | 
GENERAL INFORMATION 


SYSTEM DESCRIPTION 


The HP 5450A and 5452A Fourier Analyzers perform analyses of 
time and frequency data containing frequencies from 0 to 25 kHz. 
The system analyzes time-series data such as mechanical vibra- 
tions, sonar echoes, biomedical phenomena such as brain waves 
and nerve impulses, voltages and currents in electronic systems, | 
and acoustic phenomena such as speech sounds. These analyses 
may detect signals hidden in noise, as in sonar, or may locate criti- 
cal frequencies, transfer functions and their corresponding coherence 
functions in complex systems. Both continuous and transient data 
may be processed. 


Keyboard programming allows the user to perform the following 
operations automatically, without special software: 

Forward and inverse Fourier transform 

Magnitude and phase spectrum 

Power and cross power spectrum 

Transfer function 

Coherence function 

Convolution (digital filtering) 

Auto and cross correlation 

Hanning and other weighting functions 

Histogram 

Scaling 

Cepstrum 

Ensemble averaging (time and frequency) 
Six editing keys operate an on-line resident editor so that a sequence 
of steps configured into an automatic measurement procedure may 
be changed on-line without the need to do off-line editing, compiling 
and testing. In fact the series of steps or program used to perform 


a particular operation can be stored on punched paper tape for easy 
re-entry into the Analyzer. 


Data input and output is likewise controlled from the Keyboard. Data 
can be entered in analog form through the 10-bit two-channel Analog - 
to-Digital Converter, or in digital form on punched paper tape, or 
manually from the Keyboard, or directly from a remote computer. 


Results of all operations are displayed on the oscilloscope. In addi- 

) tion, results can be printed out in decimal numbers on the Tele- 
printer, punched on paper tape, sent toa remote computer, displayed 
on a separate large-screen oscilloscope or plotted on an external 
X-Y plotter. 








Serial no.’s 


The Fourier Analyzer is a completely calibrated system; all displays 
and data outputs are accompanied by a scale factor relating them to 
physicalunits. This calibration results from digital techniques being 
used in all computations. The 5450A uses the HP 2115A Computer 
with 8192-word memory; optionally, the 2116B Computer can be 
used, providing 8192 or 16384-word memory. Processing times 
with the 2116B are 20% faster. The 5452A uses the 2114A Computer 
with 8192-word memory. Each can be used as a stand-alone com- 
puter by setting a switch on the Keyboard. Computer programming 
knowledge is not required for operation of the Fourier Analyzer; all 
operations are controlled through the Keyboard. 


SYSTEM CONFIGURATION 


A Fourier Analyzer System consists of a basic system plus a number 
of customer-chosen options. Since the resulting configuration will 
often be unique, the list of component units is not provided in this 
manual, but in a separate System Configuration Notice, supplied 
with the System. This Notice also tells what Computer interface 
channels are used by the various units (ADC, Teleprinter, etc. ). 


IDENTIFICATION NUMBERS 


Model Number and Name 


Each unit in the standard Fourier Analyzer System is identified by 
model or specification number and name as a separate instrument; 
these are: 


Specif. H51-180AR Oscilloscope 

Model 2114B, 2115A or 2116B Computer 
Model 2748A Punched Tape Reader 
Model 2752A Teleprinter 

Model 5460A Display Plug-in Unit 
Model 5465A ADC Plug-in Unit 

Model 5475A Control Unit 


Serial Numbers 


Fourier Analyzer System 


Each Fourier Analyzer System is identified by a two-section system 
serial number (5450A-000 or 5452A-000). The number is on a stick- 
on plate mounted inside rear of system cabinet. The 3-digit number 
is a serial number unique to each Fourier Analyzer system. 


Each unit in the Fourier Analyzer System is identified by a serial 
number (0000A00000). The first section is a serial prefix number, 
used to document changes to the unit; the second portion of the serial 
number is a number unique to each instrument (of that model number). 


2 ee ee 


ree: 


© 


a 


Computer Subsystem 


Components of the Computer Subsystem have stick-on serial number 
plates with the legend "SYSTEM SERIAL 00000."" The "system" 
serial number on these plates is for the Computer Subsystem of the 
Fourier Analyzer only, and is not the Fourier Analyzer system ser- 
ial number. 


Include complete model name, model number, and serial number of 
any unit or units in all correspondence about your system. 


| 
The Fourier Analyzer and each of its individual units are certified 
and warranted as stated on inside front cover of this manual. The 
CRT (Cathode Ray Tube), however, is covered by a warranty separ- 
ate from the rest of the system. The CRT warranty and warranty 
claim form are located in the H51-180A/AR Oscilloscope manual. 


Should CRT fail within time specified on warranty, return CRT with 
warranty form completed. 


CRT WARRANTY 


STORAGE AND SHIPMENT 


Packaging 


Toprotect valuable electronic equipment during storage or shipment, 
always use the best packaging methods available. Your Hewlett- 
Packard Sales and Service Office can provide packaging material 
such as that used for original factory packaging. Contract packaging 
companies in many cities can provide dependable packaging on short 
notice. 


SCOPE OF THIS MANUAL 


Operating Information 


This manual contains only the information required to operate the 
Fourier Analyzer. For service or troubleshooting information, see 
the Fourier Analyzer System Service manual. 
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5450A Specs 


SPECIFICATIONS 


4 GENERAL 


The 5450A Fourier Analyzer is a digital instrument that performs 
analysis of time domain and frequency domain data. Analog or 
digital readout is provided along with a scale factor which indicates 
vertical amplitudes on the display unit. Control is executed through 
a keyboard; measurements can be implemented on an operation-by- 
operation basis, or measurement routines can be automatically 
executed. Six editing keys on the keyboard operate an on-line rest- 
dent editor, so that automatically controlled measurement pro- 
cedures may be changed without need to do off-line editing, com- 
piling, or testing. The 5450A Fourier Analyzer is automatically and 
absolutely calibrated. 


ANALOG INPUT 


The Anajog-to-Digitat Converter (ADC) accepts one or two inputs. 
In two-channel operation both inputs are sampled simultaneously. 
Resolution of the ADC is 10 bits. 


AMPLITUDE RANGE: 0.1 ¥ to 10 V maximum in steps of 1, 2, 4, 10. 
INPUT COUPLING: Ac or dc. 

INPUT IMPEDANCE: 1 MQ 1% shunted by 45 pF max. 

SENSITIVITY: 30 xV rms (sine wave). 


CONVERSION GAIN (CHANNEL A): 
Accuracy (as a Function of Frequency): +0.2% +1 x 104%/Hz. 
Temperature Stability: 0.005% / °C. 


LINEARITY: Integral, +0.05%; Differential, +39. 


GAIN AND PHASE CHANNEL A TO B: 
Conversion Gain A/8: +0.2% +4 x 104% /Hz. 
Temperature Stability: 0.01% /°C. 
Phase and Delay A to B: +0.2°, +5 us. 


TRIGGER MODES: Slope and level controls are provided. The trigger 
input can be ac or de coupled. 


Internal: ADC triggers on signal to Channel! A. 

External: ADC triggers on signal applied to external input. 
Line: ADC triggers on power tine frequency. 

Free Run: ADC triggers on data request from Digitat Processor. 


Trigger Output: Pulse output available on trigger. 


SAMPLE RATE CONTROL: 


Maximum Frequency/Time Between Samples Mode: Maximum fre- 
quency is selectable from 0.1 Hz to 25 kHz (0.1 Hz to 10 kHz 
in two-channel operation) in steps of 1, 2.5, 5, and 10. Equiva- 
lently, the sampte rate is selected from 0.2 Hz to 50 kHz (0.2 Hz 
to 20 kHz in two-channel operation) in steps of 1, 2.5, 5, and 10. 


Frequency Resolution/Total Time Mode: Frequency resolution is 
selectable from 0.2 mHz to 100 Hz in steps of 1, 2, 5, and 10. 
Equivalently, time duration of each ensemble is selected from 
5,000 s to 10 ms in steps of 1, 2, 5, and 10. 


External Clock: An externa! time base may be used to allow ex- 
ternal control ofthe sample rate (the maximum sample rate of 
50 kHz in single-channel operation to 20 kHz in two-channel 
operation cannot be exceeded.) 


DISPLAY UNIT 

Data may be displayed on the 8 x 10 em oscilloscope or output 

to a plotter or remote oscilloscope in the following forms: 
Y AXIS X AXIS 

Real Part Amplitude Time 
Real Part Amplitude Frequency {Linear or Logh 
Imaginary Part Amplitude Frequency (Linear or Log) 
Magnitude (Linear or Log) Frequency (Linear or Lag) 
Phase Frequency (Linear or Log) 
Imaginary Part Amplitude Real Part Amplitude 

(Nyquist Plot) 
ANALOG DISPLAY ACCURACY: +1%. 
TYPES OF DISPLAY: Points, bars, or continuous (interpolation). 


AMPLITUDE SCALE: Data in memory is automatically scaled to give 
a maximum on-screen calibrated display. The scale factor is given 
in volts/division, voits?/division, or in dB offset. 

Linear Display Range: +4 divisions with scale factor ranging 
from 1x 10715 to 5 x 10°75 in steps of 1, 2, 5, and 10. 

Log Display Range: 4 decades with a scale factor ranging from 0 
to +998 dB. 

Digital Up, Bown Scale: Allows 8 up-scale, and 2 down-scale steps 
(calibrated continuous scale factor). 

TIME AND FREQUENCY SCALE: 

Linear Sweep Length: 10, 10.24, or 12.8 divisions. 

Log Horizontal: 0.5 decade/ diviston. 

Markers: Intensity markers every 8th or every 32nd point. 

ANALOG PLOTTER QUTPUT: Cc 
Amplitude: 0.5 V per oscilloscope display division. 

Output Range: 5-300 pts/s (500 pts/s external timing). 
Linearity: 0.1% of full scale. 

DISPLAY CALIBRATION: Three intensity markers as well as vertical 
and horizontal position controls are provided for display catibra- 
tion, 

Origin: Left edge of display, zero amplitude. 
--FS: Positive full scale, center of display. 
—FS§: Negative full scale, center of display. 


BLOCK SIZES FOR TYPICAL MEASUREMENTS 


The following table indicates some of the measurements made 
by the 5450A as well as the maximum block size available for 
these measurements. 





MAX. BLOCK SIZE N 
{Points/ Ensemble) 


§ K MEMORY 16 K MEMORY 
































MEASUREMENT 
Power Spectral Density 
Ensemble Average 1024 4096 
Voltage Spectrum—Ensemble 
Average 1024 4096 
Cross Power Spectral Density— 
Ensemble Average 1024 2048 
Transfer Function 512 2048 
Coherence Function 512 1024 
Auto Correlation of N/2 Lags 1024 4096 
Cross Correlation of N/2 Lags 1024 4096 
Cross Correlation of N/2 Lags— 
Ensemble Average 1024 2048 
Auto Corretation of N/2 Lags— 
Ensemble Average 1024 2048 
Power Spectral Density of One 
Shot Transient 1024 4096 
Voltage Spectrum of One Shot 
Transient 1024 4096 


a 
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_ COMPUTATIONAL SPEED 


The speeds shown are based on using the 2116B Digital Proces- 
sor. (These times are increased by 25% with the 2115A Digital 
Processor.) 


FOURIER TRANSFORM: 
Biock Size 64: 52 ms. 
Block Size 1024: 1.4 s. 


POWER SPECTRUM ENSEMBLE AVERAGE: 
Block Size 64: 110 ms/ Spectral Estimate. 
Block Size 1024: 2.1 s/Spectral Estimate. 
CROSS POWER SPECTRUM ENSEMBLE AVERAGE: 
Block Size 64: 210 ms/ Spectral Estimate. 
Block Size 1024: 4.4 s/Spectral Estimate. 


KEYBOARD UNIT 


There are 64 keys divided into eight major groups on the Key- 
board Unit. 
The Transform Related and Arithmetic groups include: 


Fourier Transform Division (Block or Integer} 
Inverse Fourier Transform Multiplication (Block or Integer) 
Correlation Conjugate Multiplication 
Convolution Addition 

Linear Hanning Subtraction 

Quadratic Hanning Integration 


Differentiation 


DIGITAL ACCURACY AND RESOLUTION 


_all calculations use floating point arithmetic on a block basis. 
Data overflow does nofg occur. Amplitude resolution is 1 part in 
16,000 worst case. 


DATA MEMORY SIZE: 3,072 words (8,192 for a 16,384-word memory). 


DATA BLOCK SIZE: Any power of 2 from 128 to 1,024 for 8,192-word 
memory; 64 to 1,024 for 16,384-word memory. 


DATA WORD SIZE: 16-bit real and 16-bit imaginary or 16-bit mag- 
nitude and 16-bit phase. 


COMPUTATIONAL RANGE: +150 decades. 
TRANSFORM: ACCURACY: 0.1% worst case error during the forward 


or inverse calculation. 
SPECTRAL RESOLUTION 


The element of spectral resolution is the frequency channel 
width, the maximum frequency divided by 4% the data block size. 
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MAXIMUM FREQUENCY: 25 kHz single channel; 10 kHz dual channel. 
Adjustable in steps of 1, 2.5, 5, and 10 down to 0.1 Hz. 


FREQUENCY CHANNEL WIDTH: <3.2% down to <0.2% of the maxi- 
mum frequency in steps of 2 {down to <0.05% for 16,384-word 
Processar). 


SPECTRAL RESOLUTION OF TWO EQUAL AMPLITUDE SINE WAVES: If 
separated by 3 frequency channe! widths, there will be 2 null of 
at feast 3 dB between them; if separated by 7 frequency channel 
widths, the relative magnitudes will be correct to within 0.1%. 

| The power spectrum for two equal amplitude sine waves separated 
by 5 frequency channels will have the correct relative magnitude 
to within 0.1%. 


DYNAMIC RANGE: 4 decades over +150 decades. 
FREQUENCY ACCURACY: +0.01%. 


TIME DOMAIN RESOLUTION 


The element of time resolution is the time channel width, the 
time sample record iength divided by the block size. 





MAXIMUM SAMPLE RECORD LENGTH: Product of data block size 
and time channe! width. (in Ensemble Averaging up to 32,767 
Sample Record Lengths may be used for a statistical estimate.) 


TIME CHANNEL WIDTH: 20 us, single channel; 50 us, dual channel, 
up to 5s in steps of 1, 2, 5. Accuracy 0.01%. 


POWER REQUIREMENTS, SIZE, WEIGHT 
POWER SOURCE: 115/230 V +10%, 50/60 Hz. 


ENVIRONMENTAL CONDITIONS: O°C to 55°C using 2116B Digital 
Processor {10°C to 40°C using 2115A Digital Processor). 


SIZE: Dimensions are for a typical system with cabinet (excluding 
Teleprinter). Height, 64.25 inches (1632 mm). Width, 2] inches 
(533 mm). Depth, 30 inches (762 mm). 


WEIGHT: Shipping weight for a typical system with cabinet (ex- 
cluding Teleprinter), 662 1b (301 kg). 


PRICING/ORDERING INFORMATION 


Complete ordering and pricing information for the 5450A Fourier 
Analyzer Systems is contained on a separate sheet avaiable from 
Hewlett-Packard Field Sales Offices. 
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5452A Specs 


GENERAL 


The 5452A Fourier Analyzer is a digita! instrument that performs 
analysis of time domain and frequency domain data. Analog or 
digital readout is provided along with a scale factor which indicates 
vertical ampfitudes on the display unit. Contra} is executed through 
a keyboard; measurements can be implemented on an operation-by- 
operation basis, or measurement routines can be automatically 
executed. Six editing keys on the keyboard operate an on-line resi- 
dent editor, so: that automatically controlled measurement pro- 
cedures may be changed without need to do off-line editing, com- 
piling, or testing. The 5452A Fourier Analyzer is automatically and 
absolutely caltbrated. 


ANALOG INPUT 


The Anajog-to-Digital Converter (ADC) accepts one or two inputs. 
In two-channel operation both inputs are sampled simultaneously. 
Resolution of the ADC is 10 bits. 


AMPLITUDE RANGE: 0.1 ¥ to 10 V maxtmum in steps of 1, 2, 4, 10. 
INPUT COUPLING: Ac or de. 

INPUT IMPEDANCE: 1 MS +1% shunted by 45 pF max. 

SENSITIVITY: 30 uV rms (sine wave). 


CONVERSION GAIN (CHANNEL A): 
Accuracy (as a Function of Frequency); +0.2% +2x 104%/Hz. 
Temperature Stability: 0.005% /°C. 


LINEARITY: Integral, +0.05%; Differential, +3%. 


GAIN AND PHASE CHANNEL A TO B: 
Conversion Gain A/B: +0.4% +4 x 104% /Hz. 
Temperature Stability: 0.01%/ °C. 
Phase and Delay A to B: +0,.2°, +5 us. 


TRIGGER MODES: Slope and level controls are provided. The trigger 
input can be ac or dc coupted. 


Internal: ADC triggers on signal to Channel A. 

External: ADC triggers on signat applied to external input. 
Line: ADC triggers on power line frequency. 

Free Run: ADC triggers on data request from Digita! Processor. 
Trigger Output: Pulse output available on trigger. 


SAMPLE RATE CONTROL: 


Maximum Frequency/Time Between Samples Mode: Maximum fre- 
quency is selectable from 0.1 Hz to 25 kHz (0.1 Kz to 10 kHz 
in two-channe! operation) in steps of 1, 2.5, 5, and 10. Equiva- 
lently, the sample rate is selected from 0.2 Hz to 50 kHz (0.2 Hz 
to 20 kHz in two-channel operation) in steps of 1, 2.5, 5, and 10. 


Frequency Resolution/Total Time Mode: Frequency resolution is 
selectable from 0.2 mHz to 100 Hz in steps of 1, 2, 5, and 10. 
Equivalently, time duration of each ensemble is selected from 
5,000 s to 10 ms in steps of 3, 2, 5, and 10. 


\ External Clock: An external time base may be used to allow ex- 


ternal contro! of the sample rate (the maximum sample rate of 
50 kHz in single-channel operation to 20 kHz in two-channel 
operation cannot be exceeded.) 


DISPLAY UNIT 


Data may be displayed on the 8 x 10 cm oscilloscope or output 
to a plotter or remote oscilloscope in the following forms: 


Y AXIS 
Real Part Amplitude 
Real Past Amplitude 
tmaginary Part Amplitude 
Magnitude (Linear or Log) 
Phase 
Imaginary Part Amplitude 


X AXIS 
Time 
Frequency (Linear or Log) 
Frequency (Linear or Log) 
Frequency (Linear or Log) 
Frequency (Linear or Log} 
Real Part Amplitude 


(Nyquist Plot} 

ANALOG DISPLAY ACCURACY: +1%. 

TYPES OF DISPLAY: Points, bars, or continuous (interpolation). 

AMPLITUDE SCALE: Data in memory is automatically scaled to give 
a maximum on-screen calibrated display. The scale factor is given 
in volts/division, volts?/division, or in dB offset. 

Linear Display Range: +4 divisions with scale factor ranging 
from 1 x 10°15 to § x 10*15° in steps of 1, 2, 5, and 10. 
Log Display Range: 4 decades with a scale factor ranging from 0 
to + 998 dB. 
Digital Up, Down Scale: Allows 8 up-scale, and 2 down-scale steps 
{calibrated continuous scale factor). 
TIME AND FREQUENCY SCALE: 
Linear Sweep Length: 10, 10.24, or 12.8 divisions. 
Log Horizontal: 0.5 decade/ division. 
Markers: Intensity markers every 8th or every 32nd point. 
ANALOG PLOTTER GUTPUT: 
Amplitude: 0.5 V per oscilloscope display division. 
Output Range: 5-300 pts/s (500 pts/s external timing). 
Linearity: 0.1% of full scale. 

DISPLAY CALIBRATION: Three intensity markers as well as vertical 
and horizontal position controls are provided for display cafibra- 
tion, 

Origin: Left edge of display, zero amplitude. 
+-FS: Positive full scale, center of display. 
—F§: Negative full scale, center of display. 


BLOCK SIZES FOR TYPICAL MEASUREMENTS 


The following table indicates some of the measurements made 
by the 5450A as well as the maximum block size available for 
these measurements. 





MAX. BLOCK SIZE N 


























MEASUREMENT (Points/ Ensemble) 
Power Spectral Density— 
creole Average : 1024 
Voltage Spectrum—Ensemble 1024 
Average 
Cross Power Spectral Density— 1024 
Ensemble Average 
Transfer Function 512 
Coherence Function 512 
Auto Correlation of N/2 Lags 1024 
Cross Correlation of N/2 Lags 1024 
Cross Correlation of N/2 Lags— 1024 
Ensemble Average 
Auto Corretation of N/2 Lags— 1024 
Ensemble Average 7 
Power Spectral Density of One 1024 
Shot Transient 
Voltage Spectrum of One Shot 
Frangait 1024 








COMPUTATIONAL SPEED 


FOURIER TRANSFORM: 
Block Size 128: 150 ms. 
Block Size 1024: 1.9 s. 


POWER SPECTRUM ENSEMBLE AVERAGE: 
Block Size 128: 350 ms/ Spectral Estimate. 
Block Size 1024: 3.4 s/Spectral Estimate. 


CROSS POWER SPECTRUM ENSEMBLE AVERAGE: 


Block Size 128: 580 ms/ Spectral Estimate. 
Black Size 1024: 5.6 s/ Spectra! Estimate. 


KEYBOARD UNIT 
There are 64 keys divided into eight major groups on the Key- 


beard Unit. 

The Transform Related and Arithmetic groups include: 
Division (Block or Integer) 
Multiplication (Block or Integer) 
Conjugate Multiplication 


Fourier Transform 
tnverse Fourier Transform 
Correlation 


Convolution Addition 
Linear Hanning Subtraction 
Quadratic Hanning Integration 


Differentiation 


DIGITAL ACCURACY AND RESOLUTION 


All calculations use floating point arithmetic on a block basis. 
Data overflow does not occur. Amplitude resolution is 1 part in 
16,000 worst case. 


DATA MEMORY SIZE: 3,072 words. 
DATA BLOCK SIZE: Any power of 2 from 128 to 1,024 


DATA WORD SIZE: 16-bit real and 16-bit imaginary or 16-bit mag- 
nitude and 16-bit phase. 


COMPUTATIONAL RANGE: +150 decades. 
TRANSFORM ACCURACY: 0.5% worst case error during the forward 
or inverse calculation. 
SPECTRAL RESOLUTION 


The element of spectral resolution is the frequency channel 
width, the maximum frequency divided by Y% the data block size. 





5452A Specs 


MAXIMUM FREQUENCY: 25 kHz single channel; 10 kHz dual channel. 
Adjustable in steps of 1, 2.5, 5, and 10 dawn to 0.1 Hz. 


FREQUENCY CHANNEL WIDTH: <3.2% down to <0.2% of the maxi- 
mum frequency in steps of 2. 


SPECTRAL RESOLUTSON OF TWO EQUAL AMPLITUDE SINE WAVES: If 
separated by 3 frequency channel widths, there will be a null of 
at least 3 dB between them; if separated by 5 frequency channel 
widths, the refative magnitudes will be correct to within 1.0%. 
The power spectrum for two equal amplitude sine waves separated 
by 4 frequency channels will have the correct relative magnitude 
to within 1%. 

DYNAMIC RANGE: 65 dB voltage magnitude spectrum, 40 dB auto 
power spectrum +150 decades. 

FREQUENCY ACCURACY: +0.01%. 


TIME DOMAIN RESOLUTION 


The element of time resolution is the time channel width, the 
time sample record length divided by the block size. 


MAXIMUM SAMPLE RECORD LENGTH: Product of data block size 
and time channel width. (In Ensemble Averaging up to 32,767 
Sample Record Lengths may be used for a statistical estimate.) 


TIME CHANNEL WIOTH: 20 us, single channel; 50 us, dual channel, 
up to 5s in steps of 1, 2, 5. Accuracy 0.01%. 


POWER REQUIREMENTS, SIZE, WEIGHT 
POWER SOURCE: 115/230 V 410%, 50/60 Hz. 
ENVIRONMENTAL CONDITIONS: 10°C to 40°C 


SIZE: Dimensions are for a typical system (excluding Teleprinter). 
Height, 33.88 inches (847 mm). Width, 33.5 inches (838 mm). 
Depth 24.25 inches (606 mm). 


WEIGHT: Shipping weight for a typical system (excluding Teleprinter), 
256 Ib (116 kg). 


PRICING/ORDERING INFORMATION 


Complete ordering and pricing information for the 5452A Fourier 
Analyzer Systems is contained on a separate sheet available from 
Hewlett-Packard Field Sales Offices. 
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Figure 2-1, 5450A System ready for turn-on 
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SECTION Il 
TURN-ON/OFF PROCEDURE 


ABOUT THIS SECTION 


This section provides instructions for initial and routine turn-on/ off 
of the Fourier Analyzer System. It includes instructions on loading 
the Fourier Master Program Tape, and reloading the Basic Binary 
Loader. 


PREPARATION 


The following assumes that the Fourier Analyzer System has been 
installed and checked out. In the case of the 5450A and of rack- 
mounted 5452A's, the Teleprinter power cord should be plugged into 
a socket in the stripon the left side (viewed from rear) of the system 
cabinet, as shown in Figure 2-1. (Plugging the Teleprinter into this 
strip ensures that it will be turned off when the system power is 
turned off; if the Teleprinter is plugged directly into a 115V ac wall 
socket, it will continue to run when the main system power is turned 
off.) The Teleprinter data line should be plugged in as shown in Fig- 
ure 2-1, and the system's main power line plugged into a grounded 
115V ac source. 


In the case of the 5452A without rack-mounting, plug the Teleprinter 
power cord into an ac socket. It is preferable though not required 
to use a multi-socket box with a switch to plug all the power cords 
into, so that power can be turned on and off for the entire system by 
a single switch. The Teleprinter data line should be plugged into the 
back of the computer as shown in Figure 2-1. 


TURN-ON 


The following can be considered a first-time turn-on procedure. 
Thereafter leave all subsystem power switches on, and simply use 
the cabinet power switch, if your system has one, to turn the Fourier 
Analyzer on and off. 


1. Set Keyboard switch to FOURIER ANALYZER. 


2. Turn on cabinet power: the method varies slightly, depending 
on the cabinet in which your system is mounted. 


In the case of 5450A's and 5452A's with rack-mounting: 
Press button or turn on switch in upper right corner of cabinet. 


In the case of 5450A's and 5452A's without rack-mounting: 


There is no cabinet power switch. Turning on each of the sub- 
systems as described below, turns on the system. 


Power turn-on 
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Power turn-on 


3. Turn on Computer power; the method varies slightly, depending 
on which computer you have. 


a. 2114B: open front panel door and flip POWER toggle switch 
to ON. 


b. 2115A: flip toggle switch lever to its up position. 


ec. 2116B: press POWER pushbutton, if it is not lighted. 


4. Turn on oscilloscope power by pressing green pushbutton, if it 
is not lighted. 


5. Turn on Keyboard power by pressing green pushbutton, if it is. 


not lighted. When the Keyboard is turned on, either the BUSY 
or READY lamp will be lighted. 


a. Jf the READY lampis lighted, the system is operating prop- 
erly in the Fourier mode. 


b. If the BUSY lamp is lighted, and the system does not seem 
to respond to Keyboard commands, press RESTART. 


If the READY lamp does not light, or the BUSY lamp goes out, 
all of part of the Master Fourier Program has probably been 
erased. Load the Fourier Program as described below under 
"Loading Fourier Program Tape". 


6. Auxiliary equipment (Tape Reader; Teleprinter; Tape Punch, if 
your system has one; etc.) should be turned off when not being 
used to prevent unnecessary wear on the mechanical parts in 
these devices. 


When the system is turned on, the Computer (Digital Processor) re- 
turns to the state (address, program, etc.) it was at when the system 
was turnedoff. If the Analyzer is in the COMPUTER NORMAL mode, 
and the Keyboard switch is switched to FOURIER ANALYZER, the 
RESTART button must be pressed before any Fourier Analysis can 
begin. 


LOADING FOURIER PROGRAM TAPE 


The Fourier Analyzer is shipped from the factory with the Fourier 
Program Tape loaded into the Computer's memory; it should be nec- 
essary only to follow the turn-on procedure given above to turn the 
system on. However, if the Computer has been used as a general- 
purpose digital computer (i,e., operating in the COMPUTER NOR- 
MAL mode), or if some accident has destroyed the Fourier Program 
in memory, it will be necessary to reload the Fourier Program 
Tape, using the procedure given below. If you are not sure whether 
the complete and correct program is in memory, load the tape. Re- 
loading will not modify data that was previously stored in memory 
by the Fourier program. 


a ne ag a 


es 





Be sure the tape you load has the correct part no., per the following 
table: 















Part No, of 
Fourier Tape 


05450-90003 





5450A: 8K memory, 2115A Computer 


05450-90003 





5450A: 8K memory, 2116B Computer 





5450A: 16K memory, 2116B Computer 05450-90004 








5450A with accessories such as magnetic 
tape or disc unit: see accessory manual 
for part no. of Fourier Tape. (Part no. 
will be 05450-90005 or higher.) 














5452A: 8K memory, 2114B Computer 05452-90003 







Note: Some systems may come with two or more Fourier 
tapes: one of the above plus others for the system con- 
figured with any additional options that might have been pur- 
chased. Be sure to read the instructional literature for the 
options to determine the correct part number for the Four - 
ier tape to be loaded. 








Procedure for 5450A with 2748A High Speed Tape Reader 
(hereafter called Photoreader) 


1. Set Keyboard switch to FOURIER ANALYZER, enabling Key- 
board control. 


2. a. Place Fourier tape roll in tape holder in Photoreader, feed 
holes toward rear. 


b. Press POWER pushbutton. 
c. Press LOAD pushbutton on Photoreader. 


d. Run the tape leader underneath the wire-guide and through 
the pair of feed rollers. 


e. Press READ pushbutton. 


3 a. Press LOAD TAPE on Keyboard, Tape should run through 
Photoreader and stop. The machine is now calibrated such 
that the vertical log scale is in power dB, that is, 5 dB/ 
division on the scope. If you wisha voltage dB calibration, 
press LOAD TAPE again; a final section of the tape will run 
through, changing the vertical log scale calibration to volt- 
age dB, or 10 dB/division. 
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Load Fourier tape 
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Load Fourier tape 
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release. 4. oe 
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b. After the tape has run through, press LOAD pushbutton on 
Photoreader and remove tape. Rewind it and return to its 
box. 


c. Press RESTART. 


If tape will not run through: 


Check the following: 


Is Keyboard switch set to FOURIER ANALYZER? 
Are tape feed holes toward instrument front panel? 


Are you starting in a blank section of tape (except for feed 
holes) so that no data is lost? 


Is tape running under wire guide in Photoreader? 





If you still have problems loading the Fourier Program 
Tape refer to "Loading Problems," below. 


Procedure for 5452A Fourier Analyzer 


Set Keyboard switch to nowmmmrentimmen. COMPUTER NOAH A < 


If system has no Photoreader: 


Place Fourier tape roll in Tape Reader on Teleprinter (lower 
left front). Be sure switch is OFF. Close the plastic cover. 


If system has Photoreader: 


a. Place Fourier tape roll in tape holder in Photoreader, feed 
holes toward the rear. 

b. Press POWER pushbutton. 

c. Press LOAD pushbutton on Photoreader. 

d. Run the tape leader underneath the wire-guide and through 
the pair of feed rollers. 

e. Press READ pushbutton, 


Open the front panel door of the 2114B Computer; on inside of 
door, upper left corner, set CONSOLE switch to NORMAL. 


Close front panel door, press HALT. 
Press CLEAR REGISTER. 


If system has no Photoreader: 


a. Simultaneously press PRESET and LOAD and simultaneously 


b. ) Set switch on Teleprinter tape reader to START. Tape 
should now run through. 


¢ 





If system has Photoreader: 


Simultaneously press PRESET and LOAD and simultaneously 
release. Tape should now run through. 


7. When the tape stops, the machine is calibrated such that the 
vertical log scale is in power dB, that is, 5 dB/division on the 
scope. if you wish a voltage dB calibration, simultaneously 
press PRESET and LOAD again, and simultaneously release. 
A final section of tape will run through, changing the vertical 
log scale calibration to voltage dB, or 10 dB/division. In either 
case, when the tape has run through, the M register should show 
1020778. 

Press CLEAR REGISTER. | 


9, Set switch 1 on the switch register to the on position, Press 
LOAD ADDRESS. 


10, Press PRESET, then RUN. The Fourier Analyzer is now on and 
ready to operate. The READY light on the Keyboard should be 
lighted. If it is not, press RESTART. 


11. Open front panel door of Computer, and set CONSOLE switch to 
LOCK, This will prevent any accidental pressing of a switch 
register switch from ruining the Fourier program. 


LOADING PROBLEMS 


Sometimes operator error Or dirty equipment can prevent a tape 
from being loaded properly. If you are having trouble loading tape 
in the Photoreader consider the possibility of having one or more of 
the following problems. If the tape still doesn't run, then the Basic 
Binary Loader—the program which loads tape into the machine—has 
probably been erased. To reload, see "Reloading the Basic Binary 
Loader". 


1. Tape not correctly placed in Photoreader. 


a. The row of small feed holes (except for bootstrap loader 
leader) is not centered on the tape; when the tape is placed 
in the Reader, these holes should be toward the Analyzer 
front panel, instead of toward you. 


b. Tape placed too far to right through Reader. Unless other - 
wise instructed, all data holes should be to left of reading 
element before tape begins its run through Reader. 


c. Tape loaded backward in Reader. All tapes supplied with 
your system are identified by a label at the beginning of the 
tape. When rewinding the tape, be sure this leader is at the 
outside of the roll. 


2. Tape torn or dirty. Tape that is faulty, or not clean, may be 
read incorrectly. 


3. Dirty Reader. To clean Reader; 
a. Try blowing dirt away with your breath. 


b. Remove tape and clean Reader using alcohol and brush sup- 
plied with your system, Brush feeder holes clean; also 
lightly brush bottom of Reader lens, if your system has a 
Photoreader. Blow dirt away with your breath. 


Troubleshooting 
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Basic Binary 
Loader 
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RELOADING BASIC BINARY LOADER 


The Basic Binary Loader (BBL) is the program that loads any tape 
into the Analyzer memory. It occupies the last 64 words in the 8K 
or 16K word memories. When the system is inthe FOURIER AN- 
ALYZER mode, this program is automatically protected from era- 
sure. In the case of the 5450A, in the COMPUTER NORMAL mode, 
the program can be protected by placing the LOADER switch in the 
PROTECTED position. Thus the only way BBL can be erased is by 


operating in the COMPUTER NORMAL mode with the LOADER switch | 


ENABLED. In the 5452A, the Basic Binary Loader is protected by 
setting the LOADER switch on the inside of the front panel door to 
the bHO@#H position. 

MOK HAA, 
Once the BBL has been erased, it must be reloaded using the "boot- 
strap" (short length of tape) supplied. Be sure your tape has the 
correct part no. : 


Bootstrap part no. 


05450-90006 











5450A, 8K memory 


05450-90007 





S450A, 16K memory 


05452 -90006 





5452A without Photoreader 


05452-90005 





5452A with Photoreader 


Systems having accessories such as the magnetic tape or disc unit 
come with two bootstraps: one for the system configured for the 
accessories, and one for a standard system (without accessories) 
in case the user wants to reconfigure his system back to a standard 
system. In any case, use the appropriate bootstrap for your system, 
Bootstraps for non-standard systems have part numbers different 
from those listed above. 


To reload the BBL: 
1. Set Keyboard switch to COMPUTER NORMAL. 


2. If your machine is a 5452A, open the front panel door and, on 
the inside of the door, set the CONSOLE switch to NORMAL. 


3. Enter the octal number 20 in the computer switch register. The 
switch register number system is explained in Figure 2-2. 


Press LOAD ADDRESS. 


Enter the following octal numbers into the switch register, 
pressing LOAD MEMORY after each number. Note that in some 
cases the numbers will be different if your system doesn't have 
a Photoreader. 


(Sums 


$id 





1037CC* 
1023CC* 

- 024021 
# 1025CC* 
¢ 001727 - 
#1037CC* 
#~1023CC* 
024026 - 
-1024CC* 
170001 - 

| 006004 

| 024020 


*These two letters represent the tape input device channel, If your 
machine has a Photoreader, then CC = 10; if it has no Photoreader, 
then CC = 11, for Teleprinter input. For non-standard systems, 
such as those with magnetic tape or disc units, check the configura- 
tion label for the correct tape input device channel no. This label is 
located inside the top cover of the 2114B and 2115A Computers, and 
inside the front panel door of the 2116B. 


Figure 2-2, How to read octal numerical system on Computer panel 
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1 42 142 4 42 «4 42 «F 4 2 1 














EACH GROUP OF 3 LIGHTS, OR 3 SWITCHES, REPRESENTS 


AN OCTAL DIGIT (1 THROUGH 7), THE DIGITS ARE SPELLED 
IN BINARY AS FOLLOWS. 





@ = on © = OFF 





4 2 | 4 2 | 

OO @:! @0o@:5 
© @ O-2 @ @O-6 
©O @ @=5 @@@-’ 







@0 0-4 


THUS, THE OCTAL NUMBER 0!7700 WOULD APPEAR: 


















0 





I 7 7 Oo 0 


COlOO@1@®@e@1@@O/O00(000 


IN THIS MANUAL, ALL ADDRESSES AND NUMBERS FOR THE 
COMPUTER ARE GIVEN IN OCTAL. 
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Basic Binary 
Loader 
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10. 
11. 


12, 


13, 


ON 


Set 000001 into the switch register. Push LOAD ADDRESS. 
Set 077700 into the switch register. Push LOAD MEMORY. 
Set 000020 into the switch register. Push LOAD ADDRESS. 


Place the bootstrap in the Photoreader (if your system has one) 
or otherwise in the Teleprinter Reader the same way as you did 
the Fourier tape. 


If you have a 5450A system, set the LOADER switch to ENABLE, = ON 
If you have a 5452A system, open the front panel door and set ean: 
the LOADER switch on the inside of the a. | bet LOPS | | 


Be sure POWER switch on Photoreader is on. (€,} M ALM sii 


Push PRESET. 
Push RUN. The tape should now run through. 


On 5450A's, set the LOADER switch to PROTECTED. On the 

5452A, set the LOADER switch on the inside of the front panel 

door to NORMAL.= PROTE! TO ; 
hens 


On the 5452A, set the CONSOLE switch on the inside of the front 
panel door to LOCK. This will prevent any accidental pressing 
of the switch register switches from ruining the Fourier pro- 
gram. All other switches on the inside of the panel door should 
be on NORMAL. 


a, ee 





SECTION Ill 


LEARNING TO OPERATE THE 
FOURIER ANALYZER 


ABOUT THIS SECTION 


This section is intended to be a seli-teaching guide for the new owner 
of the Fourier Analyzer. it is a demonstration of some of the basic 
Keyboard functions with photos of how the corresponding scope dis- 
plays should look. The demonstration also explains the use of the 
rest of this manual, which is set up in reference form so that the 
user can quickly find the information he needs for his specific 
purposes. 


In order not to interrupt the procedure once it has begun, background 
information on three important subjects is being placed first: These 
are {1) data memory format, (2) ADC sampling parameters, and (3) 
the Keyboard command structure. These should be read before be- 
ginning the demonstration. 


HOW DATA IS STORED IN THE ANALYZER MEMORY 
The Data Word 


The smallest element of data that may be entered or taken out of the 
Analyzer memory for an input/output processing operation is the 
data word. Each data word represents a value at a given point in 
time of an input time series, or of a correlation function, or a value 
of a spectrum at a given frequency. The data word is a 16-bit binary 
number representing an integer from -32768 to +32767, a range of 
greater than 92 dB. Groups of these data words are collected together 
to form the next element of data storage, the data block, as shown in 
Figure 3-1. 


The Data Block 


The data block may contain a quantity of data words equal to any 
power of 2 from 25 = 64 to 910 = 1024 for an Analyzer with an 8192 
word memory or from 28 = 64 to 912 = 4096 data words with the 
16,384 word memory. A datablock will contain a set of time samples 
of a time series or a set of frequency components of a spectrum, 
This time record or spectrum may represent one element in an en- 
semble average or it may be the result of some complex operation 
such as a power spectrum or correlation function. 


Associated with each data block are an amplitude scale factor and a 
frequency code. The amplitude scale factor is a power of 2 which 
multiplies all N data words in the block. The data word and the block 
scale factor may thus represent any number from +1 xX 10-159 to 
+1x10+150, This numerical system is called “floating point on a 
block basis", and allows full use of all 16 bits during calculations 
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Data word, 
block 
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without overflow. When an overflow occurs in an operation all words 
in the data block are divided by 2 (shifted right one bit) and the scale 
factor is incremented by 1. In this way, full accuracy of the data 
word is used and no loss of calibration occurs during calculations. 
The frequency code defines the sampling parameters used by the 
Analog -to-Digital Converter (ADC), if data was taken in via the ADC 
mode, The table of frequency codes is provided at appropriate places 
throughout this manual, for example, page 4-24. 


When the data in a data block represents the values associated with 

a spectrum or other function of frequency, the data is stored differ- 

ently than when the data block contains atime series. This is a re- 

Data block sult of the fact that a time series of N independent points results in 
a frequency spectrum of N/2 independent frequencies. N time points 

theoretically suggest there should be N frequency points. Since the 

data computed is always a pure real time series, the negative fre- 

quencies that are normally present in a double-sided transform are 

perfectly symmetrical with the positive frequencies. These negative 

frequencies therefore are redundant data, and hence are not stored. 

In the Fourier Analyzer, from an N-point real time series, we com- 

. pute and display N/2 positive frequencies, plus de. Each frequency 
| except the highest has 2 independent numerical values: a real (cosine) 
i and an imaginary (sine). The highest frequency has only a real, but 
no imaginary value. The actual arithmetic is a follows: N/2  posi- 

tive real frequency values plus de value = N/2+1 real points. The 
imaginary side has no dc value and no value for the highest frequency, 

hence it has N/2 -1 points. Adding the real and imaginary points 

together we get N/2+1 plus N/2 -1, or a total of N points in the 

Ss frequency domain from N points in the time domain (see Figure 3-1). 


When the data block contains a time record, the first sample point 

of the time record is contained in the first word (numbered 0) of the 

" data block and the last point in the time record is found in the last 

word (numbered N - 1) of the data block. But when the data block 

tl contains values of a frequency function, the lowest frequency (dc) 

| | value of the real part or the magnitude is found in the first word, 0, 

| of the data block and the highest real or magnitude frequency point 

i] ag is found inthe N/2 word. The lowest imaginary or phase frequency 

| ae value is found in the N/2 +1 word, and the highest imaginary or 
phase value is found in the N -1 word. 


The Input and the Processing Operations sections of this manual 
I describe in detail howto direct the data word into and out of the real/ 

magnitude or imaginary/phase part of memory. In this manual, the 
term channel will be used for the 1 data word defining a point in the 
time domain or the 2 data words defining a point in the frequency 
i domain. Thus, there will be N channels in the time domain, and N/2 
channels in the frequency domain. 


I, Since the part of the Analyzer memory reserved for data contains 
r 3,072 words, and the maximum data block size allowed is 1,024 
words (8192 and 4096 words respectively for the 16K Analyzer), more 
than one block of data may be held in memory at one time. This 
allows flexibility in using the Analyzer for operations such as en- 
semble averaging, where data from several stages of an operation 
must be simultaneously held in memory. 


a amemtaiitensiiaieememetiion 


Figure 3-1. Data/memory organization 
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Data bliock 


At any particular time all data blocks must be at the same size. The 
number of blocks that are available for a set of operations can then 
be determined by dividing the total number of memory words by the 
block size. For example, if a block size is set to 512 words in the 
8K Analyzer (3072 data words total), 6 data blocks numbered from 
Oto 5 are available. As shown in Figure 3-1 these data blocks lie 
in consecutive order in the memory with the first word (0 word) of 
data block 0 in the first word (the 0 word) of data memory and the 
last word of the block in the N - 1 word of the data block. If data 
is contained in memory and the block size is changed, the location of 
a particular data word is not changed, but the boundaries of the data 
block are: : 


The following example will clarify this point. 


Example. If the block size is 512, and a time series is represented 
in memory, there will be 512 numbered data positions representing 
an equal number of time points. Consider the 260th word of block 0 
which will also be the 260th data word of the memory. If the block 
size is changed to 1024, the new 0 block will include the 260th word 
of memory and this data point will still be the 260th of block 0. How- 
ever, if the block size had been changed from 512 to 256, the 260th 
word of memory would now be in the 2nd data block and would be the 
5th word of data block 1. This word would be numbered channel 4 of 
data block 1 since the first channel in the data block is number 0. 


Warning: If the block size is expanded with a given set of data in 
memory, there may be an error in the scale factor display. The 
reason is as follows: suppose the block size is 128, and the block 0 
scale factor is 1 x 10-3 and the block 1 scale factor is 2x 10-2. 
Now the block size is doubled. Then block 0 contains data having 
two different scale factors. The first will dominate and be read out 
on the scale factor display meaning that the display will be wrong 
for the second half of the block. This must be kept in mind whenever 
block sizes are changed while there is data in more than 1 block. 


Now suppose the original block size is halved. The original block 0 
then becomes two blocks: The scale factor for the new block 0 being 
the same as the scale factor for the original, but the scale factor 
for the new block 1 (which by rights should have the same factor as 
the new block 0) is now taken from the original block 1, which prob- 
ably was different. So again the possibility exists for erroneous 
scale factor displays. 


If the scale factors in the original blocks are all the same, then of 
course, there is no problem. 


ADC SAMPLING PARAM ETERS 


Figure 3-2 shows a sampled time record and its corresponding spec - 
trum. Terms which define the scale of thetime and frequency records 
are At, T, Fmax, Fs: Af. These terms are related to each other as 
follows: 


The sample frequency (Fg) and the sample interval (At) are recipro- 
cals of each other: 


F, = 1/At 


Figure 3-2. ADC sampling parameters 
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Shannon's sampling theorem requires that there be 2 samples for the 
highest frequency in the record, so that 


F 


F = 


_s i 
max 2 


~ QAt 

If N data points are taken {i.e.,a datablock size of N), with a sample 
of At, a time sample record T will be recorded in memory whose 
length is 


T = NAt 


Since each spectrum has two values associated with each frequency 
(i.e., real part and imaginary part, or magnitude and phase), the 
display in the frequency domain will have only N/2 data points. Thus, 
the frequency resolution (Af) will be determined by 


F F 
Ate: me 2 8 
N/2 N 


and since 





we emma Ne eS 
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Time | 
parameters 


and T = NAt 
we can see that 
1 
Af = T 


i.e., the frequency resolution (Af) is determined by the sample 
record length (T). The four quantities At, Fmax, 4f, and T com-~ 
pletely determine the time and frequency scales of the Fourier 


Analyzer. 
For further clarification, the parameters are broken down below 
according to their domain. 


Time Domain Parameters 


At The time between samples, called the "sample interval". 
(A TIME on the ADC panel). 

N The number of samples taken: this is the data block size 
(BLOCK SIZE on the Keyboard). 

T The total time of the sample record, called "total record 


length”. (TOTAL TIME on the ADC panel). From Figure 3-3 
it can be seen that: 


total record length = No. of samples x sample interval 


T = N x At 


Figure 3-3. Time domain parameters 


AMPLITUDE 


Original analog input 
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AMPLITUDE 


Sampled analog input 





—— 


At = 


time between 
samples 


TIME -—--—~ 


N Samples At apart = 
a ee ell 


7 
T = NAt 





Frequency Domain Parameters 


Af The number of Hz between frequency points, or, the frequency 
resolution. Origin of display is 0 4f (de component); next 
point is 1 Af (fundamental frequency); next point is 2 Af (first 
harmonic); next 3 Af (second harmonic), etc. No finer resolu- 
tion than Af may be assigned to any frequency value. 

N/2 The number of frequency points: this is half the block size, 
or N/2, because the frequency information is broken down 
into two displays: real or magnitude (depending on MODE 
switch setting), and imaginary or phase (depending on MODE 
switch setting). 

Fmax The maximum frequency of the display, or in other words, the 
bandwidth. (MAX FREQ on the ADC panel). From Figure 3-4 
it can be seen that: 


Maximum frequency = No. of frequency points x frequency resolution 


F = N/2 x Af 
max 


Figure 3-4, Frequency domain parameters 
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Freq parameters 








Choosing 
parameters 


Choosing Sample Parameters 


Table 3-1 summarizes the equations above, and is also given with 
the analog-input command on page 4-5. The table permits the user 
to obtain the best trade-off on the parameters he is interested in. 
The SAMPLE MODE switch and the MULTIPLIER switch on the ADC 
panel enable the user to select a convenient value for one of the two 
values on each side of the SAMPLE MODE switch. The other value 
is then automatically fixed, as shown in Table 3-1. Thus if you 
choose a frequency resolution (4f) then the total record length (TOTAL 
TIME) is automatically fixed. The remaining two points are deter- 
mined by the block size. The following example presents a typical 
situation. 


Suppose you must have a 1 Hz frequency resolution and at the same 
time a 5 kHz maximum frequency. Go into Table 3-1 at line 3. In 
this case, 


Af=1 


In the last column, you see that the equation relating frequency reso- 
lution and maximum frequency is: 


Fay = N/2 x 4f 
so: 
5000 = N/2x1 
N = 10, 000 


but the largest block size in the 8K machine is 1,024, and in the 
16K machine is 4,096. So an.N of 10,000 is impossible. Something 
has to give. Suppose you agree to settle for a lower maximum fre- 
quency. ASSuming you have an 8K machine, substitute for N a block 
size of 1,024. This will give the largest possible Fax. 


F 


1,024/2 x 1 
max 


F 
max 


512 kHz 


If you want a 1 Hz resolution in an 8K machine, you must Settle for 
an Pax of 512 Hz. 


This is the kind of manipulation of ADC parameters which the user 
must be ableto do. The parameters are set with the SAMPLE MODE 
and MULTIPLIER switches on the ADC, plus the BLOCK SIZE key on 
the Keyboard. 


Aliasing 


Aliasing is a phenomenon that develops with analog inputs, and which 
must be kept in mind to avoid possible erroneous results. It comes 
about from the fact that when an analog input is sampled, the spec- 
trum replicates around multiples of the sample frequency Fs, as 
shown on page 3-9. Now since Fmax is half of Fg, it follows that if 
any frequencies greater than Fyy,x are present they will fold back 
as frequencies less than Fyyax- 





Table 3-1. Selecting values for data sampling parameters 























Then make either of 
the remaining two 
parameters (can’t be 
both) as close as pos- 
sible to the desired 
value by choosing N* 
in the relationships 
shown. 


Chosen parameter 
automatically fixes 
Choose convenient the value of parame- 
round number for ter below, because 
parameter shown. of relationship in 
parentheses. 
















*N, the data block size, is *N, the data block size, is always a power of 2. a *N, the data block size, is always a power of 2. of 2. 


Aliasing 
error 


No 
aliasing 
error 
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Aliasing 
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In the figure below, Fmax is 2 kHz, Fg is 4 kHz. A frequency of 
2.2 kHz will therefore be seen as 1.8 kHz; 3 kHzas1; 5 kHz again 
as 1, etc. 


To avoid the problem, the user has to make sure that the Fymay he 
sets is higher than the highest frequency in the data. 





APPEAR TO 
BE HERE 






Keyboard FREQUENCIES 


OVER HERE... 
command 


a———HI 
SkHz 4k H2 


THE KEYBOARD COMMAND 
General Form 


All operations on the Fourier Analyzer are initiated from the Key- 
board. The general form of the keyboard command is: 


a aaa a 
[| ! ! [| [cs [| 
Ries eee oh 





Element NO Element N1 Element N2 
word keystroke plus (rarely) Integer from Integer from 
integer from 0 to 9 or letter, 0 through 0 through 

32, 767 32, 767 


Element N3 
SPACE ENTER 
ES Integer from 0 


through 32, 767 














Suppose you want to print out, on the Teleprinter, the contents of 
channels 22 to 31 of data block 2. First turn to the Index and look 
up the PRINT command, It is on page 6-1, as follows: 


Block Channel 
SPACE nae ENTER 


N1 is the number of the data block to be printed out. 


Keyboard 
where: command 
N2 is the first channel to be printed out. 


N3 is the last channel to be printed out. 


In this case, the command to be given the machine is: 


N1 N2 
ages 
FOB OD & 

N3 
== 
og 


Meaning of Default 


Underneath the PRINT command is a table of default values: 


Element Meaning of Element 
data block to be printed out 


N2* | starting channel of printout 















whole data block 
is printed out 





















end channel of printout 





N3* 
N2 


N2 
*If and N3 are defaulted, whole data block is printed. 


This table tells what the machine assumes if certain elements in the 
command are omitted. For example, if element N3 is omitted, so 
that the command is: 


N1 N2 
“~, ae, 
[ «| 








De renee Bs asiek Fig de ag ca tig Nolte 
. me : eel hes <3 : > 


= = ~ =e 


4 : 
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Then only one channel will be printed out, namely, channel N2, be- 
cause the default value of N3is N2 - in other words, the stopping and 
starting channel is the same. 


Suppose both N2 and N3 are defaulted, so that the command punched 


into the machine is: 
Le] [ewe 


Now, according to the table, the whole of data plock 2 will be printed 
out, 


Finally, suppose N1, N2 and N3 are defaulted, so that the command 


given to the machine is: 


Now the whole of data block 0 will be printed out, because the default 
value of N1 is block 0. 


Keyboard 


command 


Thus, a considerable saving in key strokes is possible using the de- 
fault system. In the above example, to print out all of block 0 re- 
quires only two keystrokes, whereas without the default system, it 
would require seven, 


In all cases, the default of elements N1, N2 and N3 causes the op- 
eration to be performed on all of data block 0. 

No command is executed or entered until the ENTER key is pressed. 
If, during the entry of a command, a mistake is made, it can be 
erased by pressing the RUB OUT key. But once the ENTER key has 


been pressed, the RUB OUT key has no effect: the command has to 
be re-entered from the beginning. 


Operations Between Two Data Blocks 


If a command defines an operation between two data blocks (for ex- 
ample, the STORE and LOAD commands, which shift data between 
blocks), one of these blocks must be block 0, and therefore it is not 
named inthe command, If the operation is a computation, then the 
result will reside in block 0, and the data in the named block will be 
left unchanged. For example, the command to multiply block 0 by 


block 1.is: 
Ee 


The result will be in block 0, block 1 will be left unchanged. 





A DEMONSTRATION OF SOME BASIC KEYBOARD 
FUNCTIONS 


In the following demonstration, we will enter a pulse through the 
Analog-to-Digital Converter (ADC) and exercise some of the ADC 
controls. Then we will enter a pulse manually from the Keyboard 
and proceed through the Fourier Transform to a series of other com- 
mands which show the coordinate systems available on the Fourier 
Analyzer. Finally, we will go through an example of a simple Key- 
board program. 


Instrument Preparation Required 

At this point, it is assumed that the Fourier Analyzer has been in- 
stalled and checked out according to the Operational Check provided 
in the Fourier Analyzer System Service Manual. Power should be 


on, and the READY light should be lit. For instructions on turning 
on the Fourier Analyzer, see Section II. 


Entering an Analog Pulse 


1. Set ADC controls 





In order to eliminate the need for an external signal generator, we 
will use the internally-generated CHECK pulse as an analog input. 
This pulse has an amplitude of about 51 mV, a length of approximately 
1100 psec, and a repetition rate of the line frequency. 


We will begin by taking 11 samples of each pulse. That means the 
sample interval (At) must be 1100 usec/11 = 100jysec. Therefore, 
on the ADC set: 


t 


SAMPLE MODE to left side, kHz - us 
MULTIPLIER to black 100 


To enable the CHECK signal to be entered into the ADC, set: 
INPUT A attenuator to CHECK 


Next set: 
DISPLAY/INPUT to AA 


This tells the Analyzer that this will be a single channel input. The 
other two positions of the switch are for dual channel input. 


Next set: 
TRIGGER SOURCE to FREE RUN 


This will cause the Computer to take in blocks of data as fast as it 
can, that is, without waiting for any external trigger signal. Set: 


REPEAT switch (on Keyboard) to REPEAT 


This makes the Computer display successive blocks of data as they 
are sampled by the ADC, and permits us to observe the effects of 


Entering a pulse 
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Block size 





various switch positions on the pulse. In the SINGLE position, the 
Computer takes in one block only and displays it. The SINGLE posi- 
tion must be used when it is desired to proceed with further Keyboard 
commands: in the REPEAT position, the ADC continually records 
and displays analog data, and no other keys except ANALOG IN, RE- 
START, and STOP have any effect. 


2. Set Display Unit controls 
Now set the following controls on the Display Unit: 
POSITION to situate x axis on center horizontal 
line of scope 
GAIN to CAL 
MODE to REAL/MAGNITUDE 
SCALE to straight-up 
SWEEP LENGTH to 10 
ORIGIN to LEFT 
MARKER to OFF 
FUNCTION to DISPLAY 
CALIBRATE to ORIGIN 
TYPE to BAR 


3. Set block size 


Next we choose a block size, let us say, arbitrarily, 128 points. 
Setting block size is a Keyboard command, and to find out what the 
correct command is, we look up "block size" in the Index. The block 
size command is given on page 7-14, This procedure of looking up 
commands will become less and less important as you learn the in- 
strument, but here, in this first demonstration, we will go through 
the exercise several times. Asa further help in locating informa- 
tion, the remaining sections of this book are organized in logical 
order: Input Modes, Processing Operations, Output Modes, Pro- 
gramming and Editing keys, Sample Programs, and Writing Assem- 
bler Language Programs. 


As explained on page 7-14, to obtain a block size of 128, the keys to 


press are: 
BLOCK 


Note that the ''128't light on the Keyboard is now lit, and there are 
now 128 points across the scope. 


Let us enter the pulse into data block,0. To be sure there is no 
residual data in the block, we will clear it first (though this is not 
necessary, since analog input operations automatically erase data 
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previously ina block). Looking up CLEAR in the Index, we find it is 
explained on page 5-3. This command is more complex than BLOCK 


SIZE. The general form is seen to be 


| 

| srace | 
N32 i 

Clear Breer 


where: 


N1 is the data block to be cleared. 
N2 is the first channel to be cleared. 


N3 is the last channel to be cleared. 


The default table shows that, to clear the whole of block 0, the com- 


mand should be: 


To prove that block 0 is in fact cleared, we 
the Index, and checking 


layed by pressing: 


Press these keys now. 
use the DISPLAY command. Looking it up in 
the default table, we see that block 0 can be disp 


DSPLY ENTER 
i 
a 


Display should now look as follows: 








Analog input 


arate eater eee sa ae 
\ 
: 


Note: if you make a mistake in entering a command, press the RUB 
OUT key and re-enter the command. The RUB OUT key, however, 
can only be used before ENTER is pressed. Otherwise, the whole 
command must be re-entered. If after entering a command, a 
WHAT? signal appears on the Keyboard (meaning that the command 
was illegal), press RESTART, then re-enter the command, (A list 
of WHAT? signals as typed on the Teleprinter, with their meanings 
and probable causes is given in the Appendix. ) 


4, Give analog-in command 


We are now ready to give the analog-in command, which, according 
to the Index, is on page 4-1. Since the CHECK pulse is going into 
block 0, and that is also the block we want to view (as opposed to 
some other block where action might be going on), we make use of 
the default values and press: 


IN 


CHECK pulses should now move across the screen somewhat as 
shown below: 





5. Vary sample interval (At) 


Let us vary the sample interval (At) and see how this affects the dis- 
play. Slowly switch the MULTIPLIER switch on the ADC toward the 
right, increasing the sample interval (At), and note how fewer and 
fewer samples of each pulse are taken. Turn switch to the left, thus 
decreasing the interval, and note how more and more samples of 
each pulse are taken. The two extremes should look approximately 
as shown on the following page. 


\ 
\ 











nn A cet 





Large sample interval, e.g., 1 —2K usec 





Small sample interval, e.g., 10 — 20 usec 


Reset: 
MULTIPLIER to 100 


Relationship of data sampling parameters 


Note that the SAMPLE MODE switch setting says kHz-ys. This is 
because there is a reciprocal relationship between sample interval 
(At) and the maximum frequency (Fmax) which the ADC can detect 
without aliasing in the input signal. For example, at the current 
setting of 100 zs, the maximum frequency detectable is 5 kHz (as 
can be seen from the blue numbers). There is also a reciprocal 
relationship between the total record length (T) and the frequency 
resolution (Af). These relationships were explained earlier in this 
section, beginning page 3-4. Some of the information is repeated 
with the analog-in command in Section IV. 
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Vary At 
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Triggering 


6. Vary trigger controls 


The two left-hand positions of the SAMPLE MODE switch (as well as 
the two right-hand positions) divide or multiply the MULTIPLIER 


setting by 1000. 


Set: 
SAMPLE MODE to Hz-ms 

and note that, when the MULTIPLIER switch is set to its left-most 
position, the effect of very large sample intervals (i,e., 10 msec 
for a 1 msec pulse length) can be seen on the display. Aliso, if you 
look carefully at the TRIGGERING light, you will see it flicker quite 
slowly: this is because it takes a long time (128 times 10 msec, or 
1.28 seconds) for each data block to be collected in memory. Now 


reset: 
SAMPLE MODE to kHz-ps 
MULTIPLIER to black 100 


Now set: 


TRIGGER SOURCE to INTERNAL (A) (the "A" 
means that this mode of triggering can only be 
done on input channel A) 


SLOPE to POS 


and adjust the TRIGGER LEVEL until the pulse appears on the left 
of the scope display. Display should appear as follows: , 





Set: 
SLOPE to NEG 


and note that pulse disappears, since now the Analyzer is triggering 
on the negative slope, beyond which there is no pulse. Set: 


SLOPE to POS 


Here the Analyzer is triggering on the positive slope of the pulse. 








a 
ene f 








Again turn the MULTIPLIER switch right and left several positions 
to observe how changing the sample interval changes the pulse dis- 
play. Finally, set: 


TRIGGER SOURCE to LINE 


Now the Analyzer is triggering at the frequency of the line. 


7, Hold block of analog data 


Next, let us hold one block of data in memory. To do this, we must 
first set the REPEAT switch to SINGLE. Note that the scale factor 
display is blank when the switch is inthe REPEAT position. Now set: 


REPEAT switch to SINGLE 


The scale factor display now comes on and the block of data in mem - 
ory is displayed. 


Understanding the scale factor display 


The scale factor display gives the vertical scale of the scope. The 
factor is expressed as 1, 2 or 5 times 10 to some exponent. For ex- 
ample, the scale factor for the above CHECK pulse might be 5 x 10 
-002, meaning 5 x 10-2, so that each vertical division is 0.05, or 
50 millivolts. 





Thus the CHECK pulse would be on the first division. This scale fac- 
toPis displayed automatically at all times except for special cases 
such as REPEAT switch in REPEAT position, as we saw earlier. 
Turn the SCALE switch left and right and note the increase and de- 
crease in the size of the pulse, and how the scale factor changes 
accordingly. 


Review 


So far we have taken an analog pulse into the ADC, seen how some of 
the sampling controls work, looked at triggering and the scale factor 
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Scale factor 
display 





Sore ee 
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9. Enter data 


Since we are in the time domain, we are entering real values. The 
block multiplier put in was 10-4. Let us aim for a 1 volt amplitude 
on the pulse. Therefore, we press: 


— fo 


| Keyboard input 
nes 


The pulse should now appear on the screen as shown below. It is not 
necessary to press TERM ENTER as this was a block fill. Note that 
the READY light is now on. 





To save having to re-enter the pulse later, should the need arise, we 
can store it in block 1 by pressing: 


Now it is in both block 0 and block 1, with block 1 being displayed. 
To view block 0 again, press: 
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Fourier trans. 





10. Do Fourier transform 





We are now ready to do the Fourier transform. This is found in the 
Index, but by now we should be able to guess intelligently as to what 
the command should be for a transform in block 0. Namely: 


| 


The Fourier transform consists of two spectral series:;a real or 
cosine series and an imaginary or sine series. The MODE switch 
on the Display Unit should already be set to REAL/MAGNITUDE and 
the display should appear as follows: 





This is the familiar curve, sin x/x. 


Determining horizontal scale 


The vertical scale we know how to read, from the discussion on page 
3-19, The pulse has no frequency, since it was manually entered, 
but had it been taken in via the ADC, it could be read two ways: (1) 
a rough scale is available by considering each horizontal division on 
the scope to be Fmax/10 (there are 10 horizontal divisions), A more 
accurate scale is determined by simple calculation. If the SAMPLE 
MODE switch is in one of the two left-hand positions (as it is in our 
case), then the formula to use is: 


F 
max 


ya 


Fmax is read directly from the SAMPLE MODE and MULTIPLIER 
switches; N is the block size. Mf is the frequency resolution, and 
the horizontal scale then reads dc on the vertical axis, next point to 
the right is 1Af, next 2Af, etc. In our case, therefore, the calcula- 


tion is: 
5000, 
i373 = 78.12 Hz 











There is 78.12 Hz between each point on the scope, with 0 Hz on the 
left. 


If the SAMPLE MODE switch is in one of the two right-hand positions, 
then the formula is: 


Af (N/2) = Beak 


where Af is read directly from the switch settings, N is the block 
size, 


The full explanation of how these various data sampling parameters 
are related, was given earlier in this section, beginning page 3-4. 
It is also repeated with the analog-input command information in 
Section IV. In many cases, of course, the user will be interested in 
setting frequency parameters, and then will have to use other rela- 
tionships to determine the values in the time domain, 


The real (cosine) and imaginary (sine) series 


‘With the MODE switch in the REAL/MAGNITUDE position, the real 
(cosine) series is displayed. Now set: 


MODE switch to IMAGINARY/ PHASE 


The resulting display should appear as follows: 





Polar magnitude and phase displa 





Another Keyboard command will convert the above display to polar 
coordinates, i.e., magnitude and phase. First set: 


MODE switch to REAL/MAGNITUDE 


then press: 
POLAR ENTER 
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Freq scale 
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The display should now appear as follows: 


Polar coord’s 





This is the magnitude display of the spectrum, Set: 
MODE switch to IMAGINARY/ PHASE 


Now the scope shows the phase display, with the scale reading 0 to 
+180° on the top half of the screen, and to 0 to 180° on the bottom 
half. 








Frequency scale, of course, is as before. Note that the scale factor 
display is blank. For phase displays, the scale factor is given (and 
set) on the POLAR ANG/DIV switch. Vary the phase scale by turning 
the switch left and right. Set: .e 


MODE switch to REAL/MAGNITUDE 


é 
? 


and press: 





LOG 
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This converts the vertical scale to logarithmic, giving a display as 
follows: 


Log scale 





At this point, set the TYPE switch on the Display Unit to the POINT 
and then to the CONT positions and observe the effect on the display. 
Reset switch to BAR. 

To make a Bode plot (log vertical and horizontal scales), we set: 


ORIGIN switch (on Display Unit) to LOG 


with the resulting display: 





Set: 
ORIGIN back to LEFT 


and press the following keys to return the display to linear coordinates: 


EXP 
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Now again we are looking at the polar magnitude display. Next, to 
= * return to rectangular coordinates, press: 


RECT ENTER 


Markers are available for every 8th or 32nd point in the display, as 
an aid in identifying points of interest. Set the MARKER switch on 
the Display Unit to 8 then 32. Some adjustment of the scope intensity 


2 may be necessary to make the markers stand out. 
Programming | 


Review 


We have now seen how the typical Keyboard command works, exer- 
cised some of the Display Unit controls, and in the process observed 
the different kinds of coordinate systems available in the Fourier 
Analyzer. Next, and finally for this learning section, we will go 
through a simple program. 


KEYBOARD PROGRAMMING 





= What is @ program in the Fourier Analyzer? 


A program is a sequence of commands which the Analyzer will per- 
form automatically, There are locations for 100 command elements 
in the program memory (200 with 16K memory units), A command 
element is a word key, or a number, as was described under the dis- 
cussion of the general form of the Keyboard command, page 3-10. 
When you begin a program, these memory locations may be empty, 
but most likely will be partially filled with commands from a pre- 
vious program. Therefore, setting up a new program can be con- 
sidered to be editing the contents of the program memory. Hence, 
every program entry must begin with an editing command--that is, 
a command involving one of the EDITING keys on the Keyboard. 


In general, you will begin with a REPLACE command, naming line 0 
as the line to be replaced by one or more new commands. These 
new commands will then automatically push previous commands down 
in the memory and off the end, unless this material has been pro- 
tected by a PROTect command. The BUSY light should come on after 
the REPLACE command and remain on while the program is being 
entered. 


After the program steps are entered, the END command is given to 
indicate the end of the program. Then the TERM command is used : 
to exit the programming mode. @ 


To check that the steps have been entered correctly, the LIST com- 
ie mand is used, producing a listing on the Teleprinter. In the listing, 





line numbers are automatically assigned to each command, these line 
numbers being the sum of the previous command elements up to that 
point. If any corrections or changes are required, one again re- 
turns to the programming mode by one of the EDITING keys, in this 
case, REPLACE, DELETE, or INSERT, referencing the line num- 
bers to be changed or corrected. After the changes have been made, 
the TERM command again terminates the programming mode. 


There are two ways to start the program running: one is from a 
given label, the other is from a given line. To start from a given 
label, the JUMP command is used, in which the number of the label 
is named. To start from 4 given line, the POINT command is used 
to set the internal pointer to the desired starting line. Then the 
CONTINUE key is pressed. 'The pointer always points to the line 
being processed during the running of a program, or to the line being 
edited during an editing operation. 


A Program Example 


As an introduction to programming the Fourier Analyzer, we will do 
a simple averaging program, again employing the CHECK signal 
used in our earlier discussion of the analog input. We will take the 
CHECK signal in randomly, i.€., So that the position of the signal 
in the data window will be random, then average a number of inputs 
to arrive at an average value of the signal. This, of course, will be 
a positive value since the CHECK signal is always positive. In brief, 
the program is as follows: 


Clear block 1, as this is the block where the successive sums will be 
accumulated. Here, any residual data could cause erroneous results. 


Analog input to block 0. This takes in a block of data which consists 
of the CHECK signal at some random location in the block. 


Add block 0 to block 1. This is the summing step in computing the 
average. The sum resides in block 0. 


Store block 0 in block 1, This shifts the new sum into block1 so that 
a new block of data can be entered into block 0. 


Count (i.e., repeat) steps from analog input the number of times 
desired to achieve the final sum. 


Divide block 1 by the number of count times, above, to achieve the 
average. , 


End program, terminate program mode. 


Procedure 


The CHECK signal has an amplitude of about 51 mV, and a length of 
1100 usec. Since its repetition rate is the power line frequency, 
the period is about 17 msec. We will be sure to get at least 1 pulse 
in every input if we choose a sample interval (At) of 100 psec, and 
a block size of 256. This then gives a total record length of 0.1 x 
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Averaging 
program 
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Initial program 


steps 





256 or 25.6 msec, which is more than the 17 msec period. There- 
fore set: 


SAMPLE MODE switch to left side, kHz - us 
MULTIPLIER switch to black 100 
TRIGGER SOURCE switch to FREE RUN 


Next, set the block size by pressing: 


Teleprinter switch to LINE 


Set: 


to provide a printout of each Keyboard command. A complete list 
of the Teleprinter symbols, in alphabetical order, is given in the 
Appendix. 


Now, to begin programming, use the REPLACE command. This, 


like all commands, can be looked up in the Index. Note that in the 
REPLACE command, no default is allowed for the Ni element. The 


command is: 


Next, we label the starting point of the program: 


[we] Lo] [exe] 


Then we clear data block 1, for the following reasons: several steps 
later, data in block 0 will be added to block 1, an operation which 
could cause erroneous results the first time around if residual data 
were in block 1. 


For this reason, it is wise to clear block 1 at this point. Press: 


CLEAR [+ | ENTER 


Next, put in another label. This is because the remaining portion of 
the program will be a loop, i.e., a repeated sequence of steps, and 
this is the starting point. Press: 
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Now the analog input is entered. We will take the data into block 0, 
and display that block. Utilizing default values, the command is: 


ANALG ENTER 
IN 


Since this program is intended to produce an average, we have to 
sum up the individual analog inputs. The data comes in block 0: if 
we add it to block 1, then the sum will reside in block 0 (per the dis- 
cussion of the general command form, page 3-12, and the definition 
of the ''+" command itself, page 5-6.) Then we will shift the sum- 
mation into block 1. In short, the sums will accumulate in block 1. 
Therefore, the next two commands are: 


STORE [|] ENTER 


U 


Summation 


and 


To obtain the average, we will sum 250 inputs then divide by 250. 
This means, first, repeating the process from label 2 through the 
above step 250 times, which is entered by the command: 


"2" being the label. Then press, for the division: 


[-) C) fe} GJ 
Ce) Le) 
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Listing 





This is the end of the program. Press: 


And finally, to get out of the programming mode, we must press: 


TERM ENTER 


The BUSY light is now off and the READY light is on, indicating we 
are out of the programming mode. 











CORRECT LISTING 
ON TELEPRINTER 






MEANING 








Label 1 







Clear block 1 


Label 2 








Analog input to block 0, 
display block 0 






Add block 0 to block 1 







Store contents of block 0 
in block 1 













Count (repeat steps) from 
label ''2", 250 times. 0 means 
that no repetitions had 
occurred at time of LIST 
command. If the program 

is stopped in the midst of 
running, and then the COUNT 
line is listed, the number of 
repetitions up to the STOP 

will be given. 














Divide block 1 by 250 







End of Program 
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Corrections and Changes 


To illustrate how corrections and changes are done, let us modify 
the analog input command. As it now stands, it displays block 0, 
which is the block into which each new input is read. It will be more 
interesting to view block 1, which is the block where the sums of the 
inputs accumulate. To change this line, we can use either the two 
commands DELETE and INSERT, or the single command REPLACE, 
Let us use the latter. Note that all of these commands are in the 
EDITING group, thus fulfilling the requirement that all program - 
ming must begin with an EDITING command, 


In the REPLACE command, the line to be replaced is named. The Program 
analog input command is line 4, therefore press: 


[orn] [+ | [owes] 


The new command is to enter data into block 0 and display block 1. 
Therefore, press: 


we] Le} [ee] Ce] [oe] 


Now, to exit the programming mode, press: 


t 


Again, to check the program, press: 


The program can again be listed to check the proper entry. It should 
appear as follows: 


changes 


wn bw A 
a 
> 


258 
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Running 


program 


Note that the line numbers change automatically below the line that 
was changed, to accommodate the new elements. 


Running the program 


There are two ways of starting a program. One is by setting the 
pointer to the starting line number, and then pressing the CONTINUE 
key; the other is by using a JUMP command. We will do both. First, 
the JUMP command. Here, a label, rather than a line number, is 


used. Press: 
ES [| 


The program should now run through and stop, displaying the final 
average. A typical display might be as follows: 





Note that the average is not 51 millivolts, the height of the pulse, 
but something less. This is because the pulse duty cycle is less than 
100%. 


To start the program using the pointer, press the following keys, 
remembering that, with the pointer command, a line rather thana 
label is named. 


CON 
TINUE 


The program should again run through. 


Then press: 
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If the user wishes the program to be protected, so that another user 
does not accidentally erase or change it in the course of entering his 
own program, then he uses the PROTect command. In this case, 
since the program starts at line 0, press: 


PROT ENTER 


Now, none of the contents of the program file may be changed or 
deleted. To unprotect the memory, press: 


PROT : ENTER 


Now only those lines beyond 99 (i.e., no lines, in the case of the 
8K memory) will be protected. For the 16K memory unit, 199 should 
be used instead of 99. 


Protecting 


program 


In Section VII, "Sample Programs", some of the more common 
Fourier Analyzer programs are given for the user's convenience. 





SECTION IV 
INPUT MODES 


ABOUT THIS SECTION 


This section provides operating instructions for the following input 
modes: analog input, punched tape (Photoreader), manual (Keyboard), 
and binary. All four are part of the standard 5450A Fourier Analyzer. 
Analog and manual are part of the standard 5452A; Photoreader is 
available as an option. Binary input/output is not available for the 
D452A. 


ANALOG INPUT 


The analog input command takes in data from one or both channels 
of the Analog-to-Digital Converter (ADC). Therefore, there are two 
types of analog input command: single channel and dual channel. 
Both commands are unique in that they permit the user to take in 
data to one data block while simultaneously displaying another. This 
has its primary use in programs, where it allows the user to obtain 
an automatic display as the program proceeds. Before using the ap- 
alog input command, be sure you understand the use of the REPEAT- 
SINGLE switch, the DISPLAY-INPUT switch, and the TRIGGERING 
controls, as explained below. 


Single Channel Input’ 


Before giving the single channel command, the DISPLAY -INPUT 
switch on the ADC has to be in the channel A position. In this case, 
channel A will be inputted. The command is as follows: 


ANALG Block Block 


Ni is the data block into which input A is to be read. 
N2 is the data block to be displayed. 


where: 


Default table is given below: 


Element Meaning of Element Default Value of 
Element 


Nl Data block into which data data block 0 
is to be read 
N2 Data block to be displayed N1 
(in SINGLE mode) ; 














a1 {2 


Single channel 


input 


de re 
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REPEAT-SINGLE 
sw. 


Dual Channel tnput 


The dual channel input command takes in data Simultaneously from 
channels A and B. Before giving the command, the DISPLAY-INPUT 
switch must be on one of the DUAL positions. The meaning of these 
two positions is explained below, under "DISPLAY-INPUT switch". 
The command is: 


| 

ANALG Block Block \ 

sick | 
SPACE ENTER 


> 


where: 
N1 is the data block into which input A is to be read. 
N2 is the data block into which input B is to be read. 
N3 is the block to be displayed. 


No defaults are allowed in this command. 


REPEAT-SINGLE Switch 


The purpose of this switch is to enable the user to continuously ob- 
serve the analog input. This is done by setting the switch to the 
REPEAT position. Whatever channel has been set on the DISPLAY- 
INPUT switch will then be continuously displayed. When the switch 
is set to the SINGLE position, only one sample record of the input is 
taken. Note that, in the REPEAT position, the BUSY light is on, 
meaning that no other commands can be executed. The switch must 
be in the SINGLE position to execute other commands. The starting 
time for each sweep when the switch is in the REPEAT position, is 
determined by the setting of the TRIGGERING controls. 


WARNING: If either the SAMPLE MODE or MULTIPLIER switches 
are changed during a read cycle, as is possible in the REPEAT mode, 
a lock-up may occur. This will be indicated by the display going 
blank, and the failure of the Analyzer to execute further commands. 
To remedy this, press the RESTART key and re-enter the analog 
input command, 


In programming, if the switch {gs in the REPEAT position, then, 
when the program reaches the analog-in step, it will pause and the 
analog input will be continuously displayed. As soon as the switch is 
set to SINGLE, the program will continue. If the switch is in the 
SINGLE position when the program reaches that step, it will simply 
display the single input and then proceed. . 


vow: ~ 
' 
. 
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DISPLAY-INPUT Switch 


This switch determines which of the two analog input channels, A or 
B, will be displayed following the analog input command. Below are 
the explanations of the three positions: 


AA: sets ADC for single channel operation through channel A. In 
the REPEAT mode, channel A is automatically displayed, and 
the display part of the analog input command is overridden. 


A DUAL: sets ADC for dual channel operation with channel A dis- 
played automatically in REPEAT mode. Again, in the 
REPEAT mode, the display part of the analog input com- 
mand is overridden, 


B DUAL: sets ADC for dual channel operation with channel B dis- 
played automatically in REPEAT mode. In REPEAT mode, 
display part of analog input command is overridden. 


TRIGGERING Controls 


When the analog input command is executed, the trigger circuit is 
armed. Triggering then occurs in accordance with the TRIGGER 
SOURCE position, as described below: 


Free-run: The arming function is the trigger source, a sample 
record is immediately read into the Analyzer memory at 
the rate set by the SAMPLE MODE and MULTIPLIER 
switches. As soon as the block is filled, the trigger 
starts a new sample record in. 


Internal: The ADC triggers on the signal applied to channel A, as 
long as the signal has one division peak-to-peak amplitude 
on the display. The voltage level at which triggering 
occurs is set bythe TRIGGER LEVEL control. + = posi- 
tive amplitude; - = negative amplitude. The PRESET 
position sets the level at about 0. The SLOPE control 
sets the slope at which triggering will occur (positive = 
increasing side, negative = decreasing side). 


External: Same as Internal, except that the user brings in the trig- 
ger through the EXT TRIGGER input. In this mode, the 
trigger will work from any signal with a peak-to-peak 
amplitude greater than 100 mV. For simplicity of opera- 
tion, no input attenuator for this mode is provided. How- 
ever, a logarithmic limiter in the ADC makes triggering 
possible over a wide dynamic range. This results in the 
TRIGGER LEVEL control (for this mode only) being 
more sensitive for small trigger signal amplitudes than 
large--that is, the trigger level resolution is a constant 
percentage of the trigger signal amplitude. The SLOPE 
control works as it does in the Internal mode. 
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DISPLAY-INPUT sw., 
TRIGGERING 
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A OVERLOAD B 


Line: ADC triggers synchronously with the 50 or 60 Hz line. 
No slope or polarity setting is available for this position. 


Input Attenuators 


These are the two switches on the ADC marked A and B, one for 
each input channel. The OVERLOAD LIGHT is between them. The 
numbers represent the maximum plus or minus voltage which the 
ADC can accept without overload, When overload occurs, the OVER- 
LOAD light comes on, and the attenuator should be set to the next 
highest position. 


The CHECK position inputs an internally-generated rectangular pulse 
to the ADC; the pulse has a nominal 51 mV amplitude, a 1. msec 
duration, and the frequency of the line (50 or 60 Hz). It is used to 
obtain an analog input when no external sources are available. 


The damage level for any particular range is approximately 46 dB 
(200 times peak level). 


The Analyzer takes into account the OVERLOAD VOLTAGE switch 
setting whenever the Analyzer receives data from the ADC. Thus, 
all further data operations are on a calibrated basis. It is not nec- 
essary to record the OVERLOAD VOLTAGE switch setting or use a 
calibration signal to establish the absolute value of a frequency or 
time record. 


How to Set Sampling Rates 


The rate at which the ADC samples the analog input is set by the 
SAMPLE MODE and MULTIPLIER switches. There are four sam- 
pling parameters: the two in the time domain are the interval be- 
tween samples (At), and the total record length (T); in the frequency 
domain, there is the frequency resolution (Af), and the maximum 
frequency, (Fmax). The user should have an understanding of how 
these parameters are related by reading the discussion in Section If 
beginning page 3-4. The following tells how to set the parameter 
values on the ADC switches. 


The left side of the SAMPLE MODE switch permits the user to se- 
lect either a desired maximum frequency (Fmax) or a desired sample 
interval (At). Choosing one automatically fixes the other, because 


of the relationship: 
1 


Finax ~ 2At 


The two positions of the switch enable you to select two different 
ranges of magnitude, which differ by a factor of 1000. Values are 
set with the MULTIPLIER switch: black numbers for At, blue for 
Fmax: The other two parameters, frequency resolution (Af) and 
sample record length (T), are found by the equations: 


a= Rehm = N/p 
T = NAt 
PM AK 





where N is the block size 


Alternatively, the right side of the SAMPLE MODE switch permits 
the user to select either a desired frequency resolution (Af), or a 
desired sample record length (T). One automatically fixes the other 
because of the relationship; 


Af = 1/T 
The remaining two parameters, Fyygx and At can be computed from 
the equations: 


r 
max 


N/2 Af 


At = 


Zi 


The following table, a duplicate of the one on page 3-9, sums up the 
above relationships, and makes the choosing of desired parameters 
a little easier. 


Table 4-1. Selecting values for data sampling parameters 













Then make either of 
the remaining two 
parameters (can't be 
both) as close as pos- 
sible to the desired 
value by choosing N* 
in the relationships 
shown. 


Chosen parameter 
automatically fixes 
the value of parame- 
ter below, because 
of relationship in 
parentheses. 














Choose convenient 
round number for 
parameter shown. 









*N, the data block size, is always a power of 2. 
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Analog input 
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Example of Inputting Analog Data 


Single input. We will use the CHECK signal on INPUT A as the an- 
alog input signal. This signal is a rectangular pulse of about 51 mV 
amplitude and 1100 psec (1.1 msec) length, as shown below. The 
frequency of the pulse is the line frequency. This means that the 
period Tis the reciprocal of the line frequency, or about 17, 000 psec 
(17 msec) for a 60 Hz line. Thus, the pulse is present in only 1/17th 
of the time T. 


CHECK PULSE 


ie 


Slmv [| 


1100 psec (1. / msec) 


) 


17, O00 psec (i7 msec) 


space in between, we will begin by choosing a St that will give us an 
adequate number of samples of the pulse only. 11 samples would be 
adequate: the pulse is 1100-ysede long. 1100/11 gives us a At of 
i100 sec. Therefore, we set 


Since, as much as possible, we want to look at the pulse, and not the ¢ 


SAMPLE MODE to left side, kHz-ys 
MULTIPLIER to black 100 


None of the remaining sample parameters Fyygx, 4f, or T are criti- 
cal in this case, so we can choose any data block size, N, we wish. 
Let it be 128. Press 


BLOCK 


As far as triggering is concerned, we can let the triggering frequency 
be the same as the frequency of the pulse, so set 


TRIGGER SOURCE to LINE 


The remainder of the triggering adjustments are not important in 
this case. Next, to give us an input, we set 


A OVERLOAD VOLTAGE to CHECK 
And, because this is only a single channel input from INPUT A, set Uy 


DISPLAY/INPUT to AA 





So Seagate a 
+ : 
H 
i : 
| * 


As a start, we will only look at one sweep of the input, so set: 


Keyboard switch to SINGLE 


Finally, check that the display controls are set as follows: 


MODE to REAL MAGNITUDE 
SCALE to straight up position 
SWEEP LENGTH to 10 
ORIGIN to LEFT 

MARKER to OFF 

FUNCTION to DISPLAY 
TYPE to POINT 


Since we have a single channel input, the form of the analog input 
command (from page 4-1) must be: 


Dota block Data block 
rae into which to be 
+ input A is SPACE dis played ENTER 
10 be read 


Let us read the CHECK pulse into block 0, and of course display that 
same block. Therefore we press: 


IN 


t 


If we wanted to continuously read in and display the pulse, we would 
simply set 


Keyboard switch to REPEAT 


and give the analog-in command. The slight flicker in the display is 
the signal coming in at the triggering frequency (LINE). 


Examples of Setting the Sample Controls 


Setting a desired frequency resolution (Af). A signal with a spectrum 
that is Known to contain no energy above a frequency of about 5 kHz, 
is to be measured with a resolution of 10 Hz per channel. Looking 
at Table 4-1, we can see we are on the third line, because we want 
to go in with Af as a convenient round number. 





Set Af = 10 Hz by setting: 
SAMPLE MODE switch to right side, white Hz 


then set: 


MULTIPLIER SWITCH to white 10 
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Setting Af 
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Table 4-1. Selecting values for data sampling parameters 


Chosen parameter Then make either of 
automatically fixes | the remaining two 
Choose convenient the value of parame-| parameters (can't be 
round number for ter below, because | both as closeas pos- 
parameter shown. of relationship in sible to the desired 
parentheses. value by choosing N* 
in the relationships 
shown. 


T (T =NAt) 


Setting Af 





*N, the data block size, is always a power of 2. 


The sample record length T (TOTAL TIME) has now been fixed at 
100 msec, as can be read from the above (black) switch settings. 
As we would like Fy,x to be about 5 kHz, we use the relationship 
Fimax = (N/2) - Af (from third line of Table 4-1) and see that if N = 
1024, Fmax will have closed to the desired value. 


F = 1024/2 - 10 = 5.12 kHz 
max 


So, set the block size to 1024. 


From the remaining equation (third line, Table 4-1), At can be com- 
puted as follows: 





_T _ 100 msec _ 
= At = N 4034 = 97.6 psec 





Setting a desired maximum frequency (Fyy,,x). The signal in the pre- 


vious example will have a display calibration of 512 Hz/Div (Fmax/ 
10 cm = display calibration). This may not be the most desirable 
number to work with. From Table 4-1, second line, now, we see 
that we can trade off on the value of Af, in return for a convenient 
round number for Fmax, or in other words a convenient round num- 
ber for display calibration. This is done as follows: 


Set Fmax = 5 kHz by setting: 


| 
SAMPLE MODE switch to left side, iblue kHz. 
then set | 
MULTIPLIER switch to blue 5. 


At is now fixed at 100 usec as can be read from the black switch set- 
tings. We are now on the second line of Table because we have 
chosen Fyyax to be a convenient value (i.e., 5 kHz). Therefore we 
experiment with values of N in the equation Af = 1/(N- At) = Fyyax/ 
(N/2) until we get as near to the desired value of 10 Hz for Af as 
possible. It turns out this occurs when N remains at its value of 
1024, 


_ SBkHz _ 
Af = io9475 = 9.6 Hz 


Setting sample rate (Fs) via external clock: Example 1. It is de- 
sired to remotely control the sample rate so that it will be between 
1 and 2 kHz. A programmed oscillator will be used as the external 
clock unit; frequencies available are 100 kHz and 200 kHz. What 
should be the MULTIPLIER switch setting? 


The relationship between the external clock frequency (Fc) and the 
sample rate (Fs) is given under the explanation of the EXT CLOCK 
input, Figure 4-1, and is: 


(Fy) (F) 
Fs = 5000 
where: 
F, = sampling frequency 
F, = external clock frequency 


F,, = MULTIPLIER switch setting (blue number) 


(Fy )(2 x 10°) 


F_ (1 x 10°) 
aay eee ix1io3- ™ 


59000 2000 
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Setting F 
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Histogram 





So the external clock signal should be brought in through the EXT 
CLOCK input, the SAMPLE MODE switch should be set to EXT 
CLOCK, and the MULTIPLIER switch set to blue 50. 


Example 2. A sample rate of 100 Hz is desired using a clock that is 
recorded on an analog magnetic tape to remove the effects of tape 
flutter, 


The clock frequency is 200 kHz. What should the MULTIPLIER be 
set to? 


5 
oe Fy * (2 x 10 ) 
7 5000 


Fu = 2.5 


Bring in external clock through EXT CLOCK input, set SAMPLE 
MODE to EXT CLOCK, set MULTIPLIER to blue 2.5. 


Histograms 


The histogram input can only be made through INPUT A, not INPUT 
B. The form of the command is: 


HISTO Block ENTER 
GRAM N1 


N1 is the data block into which the histogram is 
to be entered. Default value = block 0. 


where: 


Since the histogram command does not automatically clear the data 
block before accumulating a new set of values, the user must be cer- 
tain to do this himself, unless additional values are to be collected 
on an old histogram. To clear the block, press: 


CLEAR meee ENTER 


N1 is the data block. Default value = block 0. 


where: 


The ADC samples the input at the rate set by the SAMPLE MODE 
and MULTIPLIER switches, but the sample interval At for histo- 
grams cannot be less than 200 psec. If the switches are set fora 
shorter sample than this, a WHAT? signal will result. 
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The histogram display is automatically set up as follows: 













NO. OF SAMPLES 
COUNTED AT GIVEN 
AMPLITUDE ; 

Iz FULL SCALE, OR 


—peak OVERLOA 32, 767 COUNTS 


VOLTAGE (¢.9.-.I 


+ peak OVERLOAD 
VOLTAGE (e.g. +.1) 


~~ Oo 


Histogram 

In the Analyzer memory, each voltage amplitude is an address. 
Counts are accumulated at each address until the number al any one 
address is 32,767. When and if that occurs, the histogram stops 
automatically, and is redisplayed with the correct scale factor. Fur- 
ther counts are ignored. Full scale on the histogram is indicated by 
the value 1.0. To convert this to actual number of counts, multiply 
the data block by 32767 by pressing: 


histogra 
MULT doto SPACE 2 
block 
[| 


Note 





A Time-Interval Histogram accessory is available for the Fourier 
Analyzer, consisting of an HP 10618A BCD-Binary Converter and an 
HP 5325B or a 5326A/B Counter, plus interfaces. 
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Figure 4-1, 5465A Analog-to-Digital Converter (ADC) 


ADC controls 





TRIGGEA 
LEVEL 


i 






+ 


+ PRESET 


ExT TRIQGER 
INPUT A iMPUT B TRIGGER ouTeuT 


1. SAMPLE MODE: in left half of range, selects maximum fre- 
quency (Fmax), called MAX FREQ, and sample interval (At), 
called A TIME. 


In right half of range, selects frequency resolution (Af) called 
A FREQ, and total record length (T), called TOTAL TIME. 


Switching between the two positions on either side is equivalent 
to multiplying or dividing MULTIPLIER switch value by 1000, 


See Table 4-1, page 4-8, for instructions on choosing parameters. 


2. MULTIPLIER: selects values for parameters chosen by SAMPLE 
MODE switch. 


ee en ee RE Te AU ee ee SE SS HEI rary = I osm 





3, EXT CLOCK: permits external control of sample rate (Fg). 
External clock frequency may be 50 kHz to 10 MHz. Sample 
rate (Fg) is related to external clock frequency (Fc) as follows: 


(Fy) (F,) 
F, = 5000 


ies 
Ml 


sample rate 


1 


F = value of blue number at which MULTIPLIER 
switch is set. 


F = external clock frequency 


4, DISPLAY-INPUT works in conjunction with REPEAT-SINGLE 
switch on Keyboard: see full explanation, pages 


AA: sets ADC for single channel operation (through INPUT A). 
In REPEAT mode, A is automatically displayed, and the display 
part of the ANALOG IN command is overridden. 


A DUAL: sets ADC for dual channel operation with channel A 
display automatically in REPEAT mode. In the REPEAT mode, 
the display part of the ANALOG IN command is overridden. 


B DUAL: sets ADC for dual channel operation with channel B 
displayed automatically in REPEAT mode. In the REPEAT mode, 
~ the display part of the ANALOG IN command is overridden. 


WARNING 


If either the SAMPLE MODE or MULTIPLIER switches are changed 
during a read cycle, as is possible in the REPEAT mode, a lock-up 
may occur. This will be indicated by the display going blank, and 
the failure of the systemto execute further commands. To remedy 
this, press RESTART key and re-enter ANALOG-IN command. 


5. A OVERLOAD VOLTAGE B (also called input attenuators): num- 
bers represent input voltage ranges of +0.1V through +10V. The 
numbers are ‘the peak voltages (+ or -) allowed in each range. 
Total range (+0.1V to +10V) is 40 dB. The damage level for any 
particular range is approximately 46 dB (200 times peak level). 
An input voltage which exceeds the peak voltage set, will light 
the OVERLOAD VOLTAGE light. This indicator lights if so 
muchas a single sample in a record exceeds the maximum. The 


Analyzer takes into account the OVERLOAD VOLTAGE switch 

setting whenever the Analyzer receives data from the ADC. 
Thus, all further data operations are on a calibrated basis. 
Therefore, it is not necessary to record the OVERLOAD VOLT- 
AGE switch setting or use a calibration signal to establish the 
absolute value of a frequency or time record. 


CHECK: enters a 51mV pulse of 1100 ysec length into the ADC. 
This pulse has the frequency of the power line. 








When using this test signal, the ADC may be trizzered il 
LINE, INTERNAL, or FREE RUN mode, or in t= EXT t 
if an external trigger signal is provided. 


AC-DC switches on INPUTS A and B: 


AC: puts blocking capacitor between input connectc> “INPUT 
INPUT B) and input attenuator (OVERLOAD VOLT=+GE swi 
This capacitor passes frequencies down to 5 Hz (3 =3 down) 
switch position should only be used when the DC ic <He Sign 
be analyzed is greater than about 50 times the rms zmplitu 
the signal itself. Input signal amplitude for switch == AC pos 
must never exceed 200 Vdc plus 200 times the pezz evel si 
the OVERLOAD VOLTAGE switch. 


DC: couples input signal straight from connector ‘-<NPUT 
INPUT B) to input attenuator (OVERLOAD VOLTAGE swi 
Peak signal amplitude must never exceed 200 tic-=s the 
level set on the OVERLOAD VOLTAGE switch. 


TRIGGERING Light: indicates that ADC is sendiz: <ata to 
alyzer. When data transfer to Analyzer is complet=<. Light 
off. Operations with low duty cycles, such as the :=ut of : 
blocks of data at high frequencies, will only light ===5 indic 
dimly. 


TRIGGERING Source: 


LINE: trigger operates at power line frequency. eithel 
SLOPE or TRIGGER LEVEL switches are active 1 this n 


INTERNAL (A): trigger operates on signal appliec¢ => INPU 
as long as this signal has 1 division peak-to-peax z-—plituc 
the display. The triggering point on the signal is ¢rmrolle 
the TRIGGER LEVEL and SLOPE controls. 


FREE RUN: trigger operates whenever an encode s .mma 
received from Analyzer. In this. mode, blocks or seta wi 
collected as fast as they can be accepted by the *22lyzer 
not in synchronization with any external trigger =Siznal. 
mode is useful when data is to be usedin computing sower & 
tra, autocorrelation, or other functions that do =cr con 
phase or time information between two signals. 


EXT: trigger operates from trigger signal applied tc. =AT 
GER jack. In this mode, the trigger will work feo any 
with a peak-to-peak aniplitude greater than 100 m%_ For 
plicity of operation, no input attenuator for this mucvde i 
vided. However, a logarithmic limiter in the + DC 
triggering possible over a wide dynamic range. —xos Ir 
in the TRIGGER LEVEL control (for this mode only Seing 
sensitive for small trigger signal amplitudes than —=arge 
is, the trigger level resolution is a constant perce7mrage 
trigger Signal amplitude. The SLOPE control worse as i 
in the INTERNAL (A) mode. 


AC: places a capacitor in series with the input Jace=o Dloc 


DC: no capacitor, signal is coupled directly throug 


10. 


11. 


12, 


. TRIGGER LEVEL: established voltage level on input waveform 


at which triggering occurs, += positive amplitude, - = negative 
amplitude. SLOPE switch setting determines whether triggering 
occurs on positive slope (increasing side) or negative slope (de- 
creasing side) of input waveform. 


PRESET: sets trigger level at approximately 0 volts. This is 
useful for inputs such as sine waves, random noise signals. 


SLOPE: 


POS: triggering occurs on positive slope (increasing side) of 
input waveform. Voltage level at which triggering occurs is set 
by TRIGGER LEVEL switch. 


NEG: triggering occurs on negative slope (decreasing side) of 
input waveform. Voltage level is set by TRIGGER LEVEL switch. 


TRIGGER OUTPUT: puts out a TTL level pulse of approximately 
.9 psec duration at triggering rate set by TRIGGER SOURCE 
control. 


EXT TRIGGER: input for external trigger signal. TRIGGER 
SOURCE control must be set on EXT to use this input, 


Photoreader 


command 





PHOTOREADER (PUNCHED TAPE) INPUT 


How Done 


Punched tape containing data {as opposed to programs) is entered 
into the Fourier Analyzer via the High Speed Paper Tape Reader 
(called "the Photoreader" throughout this manual). If a Fourier An- 
alyzer has no Photoreader, it can accept data input via the Paper 
Tape Reader in the Teleprinter, provided the tape is prepared as 
described on page 


Input Command 


To make the tape run through the Photoreader and enter data into 
the Fourier Analyzer memory, use the following command: 


PHOTO Block Channel 
SPACE ENTER 


where: 


N1 is the data block into which the data is to be entered. 
N2 is the first channel in that data block to receive data. 
N3 is the last channel to receive the data. 


Table below gives default values for this command: 


Default Value 
Meaning of Element of Element 


Nl data block 0 











data block into which data is 
to be entered 
















N2* first channel to receive data channel 0 









successive data 
words on the tape 
are entered 
channel-by-channel 
beginning with N2, 
i,e., a point-by- 
point command 
results, 


last channel to receive data 





N3* 










*NOTE: if N2 and N3 are both given, then the first data word 
only on the tape is entered in all the channels, N2-N3, i.e., 
a block fill results. 







a, 


Data Format Required 


All tapes generated by the PUNCH command on the Fourier Analyzer 
can be entered in the Photoreader. A tape generated by the PRINT 
command cannot, be entered into the Photoreader because it is 
punched in a radix 10 rather than a radix 2 number system. 


Tapes from other computers can be entered if they have the correct 
data format, which is spelled out in Figure 4-2. 


' Important note: when the tape contains frequency domain data, there 
must be a zero for the imaginary or phase DC term and for the imagi- 
nary or phase value of the highest frequency when these points are 
part of the data. 


If in doubt whether a tape is OK, print it out on the Teleprinter and 
see if it conforms to the correct format. 


Data tape is loaded in the same way as the Fourier Program Tape. 
That is: 


1. a. Place Fourier tape roll in tape holder in Photoreader, feed 
holes toward the rear. 
b. Press POWER pushbutton. 


c. Press LOAD pushbutton on Photoreader. 


d. Run the tape leader underneath the wire guide and through 
the pair of feed rollers. 


e. Press READ pushbutton. 


2. Give Photoreader input command. 
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Photoreader 


tape loading 








Data format 


Figure 4-2. Required data format for punched tape 


SF 189 CR LF 








32767 16384 eee CR 


CR 


LF 






a maximum of six 5-digit words, 
1 space between each 


carriage return 


line feed 


stands for "scale factors" 


is "kin the expression "2K", All data words, 
when they arrive in the Analyzer memory, are 
multiplied by 2k, giving the number system 
called "floating point on a block basis."' Thus, 
in the above example, all data words are multi- 
plied by 21 = 2. (But note on next page what 
these data words stand for, ) 


coordinate code from following table. In above 
example, data is in frequency domain, rectangu - 
lar coordinates. 


any arbitrary number from 0 through 99, OR, a 
frequency code from the following table. The 
table expresses data sampling parameters in 
terms of SAMPLE MODE and MULTIPLIER 
switch settings on the ADC of the 5450A. All 
tapes produced by the Fourier Analyzer thus 
contain a frequency code. But it is not required 
in tapes from other computers so long as any 
number from 0 through 99 is inserted in its place. 


In the example above, pertinent data sampling 
parameters were Fy,9x of 0.5 Hz, At of 1000 
msec. 





LF 





a 


a 


a mi il, 


' ea 
en as halal Se 





32767 16384... 





Figure 4-2. Required data format for punched tape (cont'd) 


F ax At 
(MAX FREQ) (A TIME) 


10 usec 
20 psec 
50 usec 
100 psec 
200 psec 
500 usec 
1000 psec 
2000 psec 
5000 psec 


10 msec 
20 msec 
50 msec 
100 msec 
200 msec 
500 msec 
1000 msec 
2000 msec 
5000 msec 






















10 sec 
20 sec 
50 sec 
100 sec 
200 sec 
500 sec 
1000 sec 
2000 sec 
5000 sec 


10 msec 
20 msec 
50 msec 

100 msec 
200 msec 
500 msec 

1000 msec 

2000 msec 

5000 msec 


32767 or lower than 0. 


To convert any set of data into this number system: 





1. Choose a k that will make 2k slightly higher than the 


highest number in the data. 


For example, if data is 0.5, 1, 2, 3, choose k = 2, be- 


cause 22 = 4, which is one higher than 3. 


Second example: if data is 0.0005, 0.001, 0.002, 0.003, 


choose k = -8, because 2-8 = 0.0039. 


2. Then convert data into Fourier Analyzer data words per 


following formula: 


data vatue x 32767 = Fourier Analyzer data word 
2 


For example, if data value=3, as in previous example, 


then data word is: 
3/4 x 32767 = 24575 


And, in second example, taking data value = 0.002, data 


word is: 
x 32767 = 16803 





Data words. Data word system is as follows: 0 = 0; 32767 
=1. So, in above example, first data word is 32767 x 21 = 
32767 x 2 = 65534 =2. Second data word is 16384 x 21 = 
16384 x 2 = 32768 = 1. No data word can be higher than 


Data format 
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Keyboard 


data entry 


MANUALLY ENTERING DATA FROM THE KEYBOARD 


How Done 


Data can be manually entered into the Fourier Analyzer directly 
from the Control Unit Keyboard, This mode of input, and the Tele- 
printer output, are a direct data interface between man and machine 
because they use a radix 10 (i.e., decimal) number system. The 
punched tape mode (Photoreader input and Punch output), on the other 
hand, is a data interface between the Analyzer and itself or other 
computers, and uses a radix 2 number system, 


Command to Manually Enter Data 


The manual data input command is in four parts, as shown in Fig- 
ure 4-3, which is intended as a quick reference. The following ex- 
pands on each of the steps. 


1. Enter block-fill or point-by-point fill command. Block fill means 
that a Single data value will be entered into the channel range 
specified, as, for example, to form a rectangular pulse. Point- 
by-point fill means that a sequence of different values will be 
entered into the channel range, as in the case of a triangular 
waveform, Note that there are no defaults in the block-fill 
command. (The block-fill command with N3 defaulted of course 
becomes the point -by -point fill.) 


After either of these commands is given, the BUSY light comes 
on, meaning that no other commands except the scale factors 
(step 2) and data (step3) will be executed, unless the TERM 
ENTER keys are pressed. In that case, the Analyzer reverts 
immediately to the READY state. 


2. Enter scale factors. These are: 


Ni--the block multiplier exponent, i.e., NI in the expression 
"¥QN1" which multiplies every data word to be entered in 
step 3. Note: the data word to be entered should be as close 
to (but less than) the number 32767 as possible. N1 should 
be adjusted accordingly. Thus, for example, to enter the 
data word 1, it would be best to use an N1 of -4 (10-4) and 
then use the data word 10000. If N1 had been 0 (100 = 1), 
and the data word punched in had been 1, the word would 
exist in memory as 00001, and the loss of the least sig- 
nificant digit would mean the loss of the data word. Keep 
in mind that the data word entered must be less than 32767, 
however. Thus, 1 could not be entered as 100, 000 (x 107°), 
4 would have to.be entered as 4000 (x 10-3), not as 40, 000 
(x 10-4). 


N2--the coordinate code, from the table below, which tells the 
machine the type of data entry you will be making. 


ate cla ee 


ey. 





Figure 4-3, Manual data entry - a 4-part command 


1. Enter Command For: No defaults allowed, 
Block Fill except as shown 


KEY Channel 
Channel ENTER 
eisai | 


where: | 
N1 is the data block. 
N2 is the first channel. 
N3 is the last channel. 


-Point-by-Point Fill 


ae am Keyboard 
BOARD SPACE N2- ENTER 
data entry 


where: 
N1 is the data block (default value = block 0). | 
N2 is the first channel {default value = channel 0), 





2. Enter Scale Factors 


KEY SPACE f 
i} 
freq. 
SPACE code ENTER ‘| 
; , N3 


NI is the block multiplier exponent. 

N2 is the coordinate code. 

N3 is the frequency code (default value = previous 4 
value), 


where: 


3. Enter Data 


ccc y ( Seaae aaa 
t real Imaginary ENTER 
]} word SPACE ! word 1 
an aie Oe L 4 


OR 


er einen 
| word | word | 
a { 2 


Cin Ol degree) 


(if point-by -point fill) 


ase sermon ne ee 
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Keyboard 


data entry 


Coordinate Codes 


i aS ey Et ie ae 
aaa (sey ee ae Sa eae a ee 
ee 










N3--the frequency code. This can be any number you wish from 
0 through 32767. The term "frequency code" comes from 
the fact that, when analog data is punched or printed out, 
this position in the data format is reserved for a number 
which represents the SAMPLE MODE and MULTIPLIER 
switch settings on the ADC. (The complete frequency code 
table is shown on pages 4-24 and6-7.) If N3 is defaulted, 
the machine assumes the previous value. 


if data has already been entered in memory, and only the scale fac- 
tors are being changed, the Keyboard input cycle can be terminated 
at this point by pressing TERM and ENTER. The Analyzer then goes 
from BUSY to READY. 


3. Enter data 
The data word is entered by simply pressing the required inte- 
ger keys on the Keyboard, then ENTER. For time domain data, 
there will be one word, followed by ENTER, for each point. 


Example: 4000 ENTER. For frequency domain data there will 
be two words for each point, and these are entered as follows: 


in the case of rectangular coordinates: 


real-data word imaginary data word 


in the case of polar coordinates: 


magnitude data word phase data word 


Note: a 0 must always be entered for the imaginary or phase dc 
value and the imaginary or phase value of the highest frequency 
whenever these two points are part of the data. The reason for 
this is explained under the discussion of the Fourier Transform 
used in the Fourier Analyzer, page 


4, Press TERM ENTER 





This is to terminate the manual input cycle. It is not required 
for a block fill command. The Analyzer now goes from BUSY 
to READY, and is ready for further operations. 


@ 


~— 


+ salen alot at ta, SS naomi 





Important note: The first of the four Keyboard entry steps can 
be included in a program (i.e., determination of block or point- 
by -point fill), The program will halt when it reaches this step, 
until the remainder of the steps have been entered, Then the 
program will automatically continue. 


Examples of Keyboard Data Entry 


An example of entering data from the Keyboard is given in Section II, 
page 3-20. 


Entering Data on Paper Tape through Teleprinter 


On Fourier Analyzers with no Photoreader, data on paper tape can 
be entered via the Tape Reader on the Teleprinter as long as the tape 
is prepared in the same manner as steps 2, 3 and 4 of the manual 
Keyboard entry. Step 1 is entered on the Keyboard itself. In step 2, 
instead of the KEYBOARD key, use the letters SF on the Teleprinter. 
In all cases, instead of ENTER use RETURN, then LINE FEED. In 
step 3, there can be a maximum of six 5-digit, data words per line, 
with 1 space between each word. In step 4, instead of TERM use the 


slash (/). 


It should be realized, however, that this method is much slower than 
the Photoreader method, and also, because the number system is 
decimal rather than binary, the accuracy will be somewhat less than 
that obtainable with the binary tape/Photoreader mode. 
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Binary 


input/output 


BINARY INPUT/OUTPUT 


The Binary Input/Output mode provides a link between the Fourier 
Analyzer and another computer or analyzer. It is available as an 
option and requires using the special Fourier Program Tape pro- 
vided. Binary Input/Output prevents the use of the continuous plot 
mode on an external plotter. 


How Done 


Binary input/output is done through Microcircuit interface cards 
(Part No. 12566A) or general purpose registers (Part No. 12554A) 
in channels 16 and 17 of the Analyzer. (Card or register can be used 
in either or both channels.) Full instructions on connecting the card 
or register to the other device and installing it in the Fourier An- 
alyzer are contained in the manual that comes with card or register. 
Note: with 8K programs, only single channel Binary Input/Output is 
permitted. Dual channel is allowed with 16K programs. 


Binary Input/Output Command 


The command structure is: 
= 


where: 
BINARY 1 means input to the Fourier Analyzer. 
BINARY 0 means output from the Fourier Analyzer. 


NI is the data block whose data is transferred via channel 16 
in the Analyzer. 


N2 is the data block whose data is transferred via channel 17 
in the Analyzer. If N2 is defaulted, there will be no input or 
output through channel 17. 


It is possible to input both blocks, or output both blocks, at the same 
time, but the simultaneous input of one and output of the other is not 


permitted, 


Each channel may proceed at its own independent word rate, but 
when using both channels, the Analyzer will remain on BUSY until 
both channels have completed their transfer. Then the Analyzer 
goes to READY or proceeds with a program, 
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Required Format of Data 


The sending or receiving of a data block of information must be pre- 
ceeded by three header words, each 16 bits long. When outputting 
data from the Fourier Analyzer, a word consisting of all zeroes must 
preceed the three header words. See Figure 4-4 for flow charts re- 
lating to this discussion. 


ist header word. The block size as a binary power of 2 in bits 6 
through 13, where the bit number is the power. That is, bit 6 on = 
block size of 26 or 64; bit 10 on = block size of 219 or 1024. Bit 15 
is a “handshake” bit which establishes’ whether input or output will 
be executed. If the Analyzer has been commanded to input data, then 
the handshake bit is 1; if commanded to output data, then the hand - 
shake bit is 0. 


2nd header word. A 16 bit word in which bits 6 through 15 area 

power of 2 scale factor (i.e., radix 2), expressing a number which 

is to multiply each data word. Scale factor = 2k , where k is the Header word 
value of the binary number expressed by bits 6 through 15, Thus a 

scale factor of 210 would be expressed by bits 9 and 7 on, and all 

others between 6 and 15 off. Bits 0 through 2 spell out the coordinate 

code below in binary. This number specifies the coordinates of the 

data. 






ae ae ee eee an ee ee 
ae a a ses ei 
aan ee eas ea a ee ea 
a coal ieee Bae ae oes Mees 
ee ed eee 2 





3rd header word. A frequency code which can be any arbitrary num- 
ber between 0 and 32,767. This code was originally intended to 
describe analog input parameters, as shown in the table, next page. 
However, the number need not correspond to such parameters. 





Data words, The next oN words sent or received go into the data 
block(s) specified and must be in 2's complement format. If the An- 
alyzer is sending data, then, after the last data word, an ‘illegal 
number" is sent consisting of a 1 in bit 15 followed by all 0's. This 
signals the end of the transmission. Likewise, if the Analyzer is 
receiving data, it expects such ap "illegal number" at the end of the 
remote device's transmission. 


Note 


The binary input/output interface cards employ negative logic. 
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10 psec 10 msec 
20 psec 20 msec 
00 usec 50 msec 
100 psec 100 msec 
200 usec 200 msec 
500 psec 200 msec 
1000 psec 1000 msec 
2000 psec ‘ 2000 msec 
9000 psec . 59000 msec 


10 sec 
20 sec 
50 sec 
100 sec 
200 sec 
500 sec 
1000 sec 
2000 sec 
5000 sec 


Frequency code 














Figure 4-4. Binary Input/Output flow charts 


Single-Channel Input From 
Other Device 


Events in channel 16 on 


















Send block 
ize and 

handshake 

bit 





Set Encode 
(also called 
"“command") 


NO 
Device flag 
= 17 





Block size 
and 
handshake 
bit. OK? 


NO | Display WHAT? 
signal, output 
‘illegal number" 








Set Encode 
{also called 
command") 





Input 1 word 
(2nd, 3rd header 
words, then data 
words} 


<eee no." 
received? 







Display WHAT? 
signal, output 
"illegal no." 


Single-Channel Output to 
Other Device 


Events in channel 16 on 
Fourier Analyzer shown below. Fourier Analyzer shown below. 













Send word 
consisting of 
all 9's in 
channels A andB 





Set Encode 
{also called 
"command') 


0 Device flag 


=1? 


Output Ist header 
word, (then 2nd, 

3rd header words, 
then data words) 













Set Encode 
(also called 
“command") 


Device flag y 


=1? 


Output "illegal 
number" in 
channels A and B 
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Binary in/out 


flow chart 
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Figure 4-4, Binary Input/Output flow charts (cont'd) 
Two-Channel Input from Other Device 
Events in channels 16 and 17 on Fourier Analyzer shown below. 
Channel A = 16; channel B = 17 





Send channel A 
and B block sizes 
and handshake bits 

























Set Encode bits 
on channels A and 
B (Encode is also 
called command”) 


Display WHAT? 
signal, output 
"illegal number" 











NO 





Device flag 
for channel 


Channel A and 
<Channel B device 
A=1? 


flags = 1? 
Binary in/out 





flow chart Input 1 word (2nd, 
3rd header words, 


then data words) 


Channel.A and B 
< block size and 
handshake bits OK? 


se "Tegal number" 


received? 


Set channel A and 


channel B software 
flags to # 





Set channel A 
software flag 
to # 


Channel A 












Channel A 
software flag 
_=1? 












Display WHAT? 
signal, output 
“jHegal number" 















Set channel A 
Encode. Clear 
device flag for 


YES 
Set channel A 
software flag 
channel A 
Set channel A ae eri . 
software flag Clear channel A 


device flag 


Channel B 
Done? 


YES 


Output "illegal 
number" in 
channel A and B 








a 


: 





Figure 4-4. Binary Input/Output flow charts (cont'd) 
Two-Channel Input from Other Device (cont'd) 












Channel B NO 
Channel B YES Device flag 
< software a ie channel > 
flag = 1? B=1? 
NO YES 
Input 1 word (2nd, 
Set Encode 3rd header words, 






(also called 
"command"), 
Clear device 
flag for chan- 
nel B 


then data words) 






YES “Tegal number" 
sent? 





Display WHAT? 
Signal. Send 
"illegal number" 


Set channel B 
software flag 


NO 






Set channel B 
software flag 


to p 






YES 


Set channel B 
software flag 






Clear Encode 
Clear Device 


flag 


Channel A 
done? 


YES 


Output "illegal 
number" in 
channels A andB 










nk A eG, 
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Binary in/out 


flow chart 
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Figure 4-4, Binary Input/Output flow charts (cont'd) 


Two-Channel Output to Other Device 
Events in channels 16 and 17 on Fourier Analyzer shown below. 
Channel A = 16; channel B = 17 





Send word con- 
sisting of all f's 
in channels A and B 









Set Encode bits 
on channels Aand 
B (encode is also 
called "command") 






NO 


Device flag 
for channel A 
= 1? 


Binary in/out 












flow chart NO Rann Ait 
ce 


channel B devi 
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Set Channel A 
software flag )q 
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Set channel A and 
channel B software 
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Channel A 






Channel A 
software flag 









Clear Channel A 
software flag 


word, (then 2nd, 3rd 
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Clear Channel A 
Encode. 
Clear Channel A 
device flag 
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Clear device 
flag. 






Channel B 


done? 
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YES 


Output "illegal 
number" in 
Channels A andB 








Figure 4-4, Binary Input/Output flow charts (cont'd) 
Two-Channel Output to Other Device (cont'd) 
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SECTION V 
PROCESSING OPERATIONS 


ABOUT THIS SECTION 


This section describes Keyboard functions concerned with the proc- 
essing of data. The functions are broken down in the same groups 
as on the Keyboard: Data Manipulation keys are used to transfer 
data between data blocks or to change coordinates of a given data 
block. They do not change the domain of the data. Transform Re- 
lated keys involve complex operations, most of which change the 
basic units of the data. Fourier Transform (F), for example, changes 
one of the data coordinates from time to frequency, or vice versa in 
the case of the inverse transform (F-1), Arithmetic keys perform 
basic arithmetic operations on data blocks. 


Coordinates 


To convert from rectangular coordinates [real (cosine) series and 
imaginary (sine) series] to polar coordinates (magnitude and phase), 
the following command is used: 


where: 


N1 is the data block. Default value = data block 0. 


In the magnitude display, the vertical axis is amplitude and the hori- 
zontal axis frequency. In the phase display, the vertical axis is 
degrees, and the horizontal axis again frequency. Switching between 
the two displays is accomplished by the MODE switch on the Display 
Unit panel. Magnitude is always a positive value. The phase display 
runs 0 to +180° on the top half of the scope screen, and 0 to -180° on 
the bottom half. Thus, a phase of 190° would be shown as -170°. 


The magnitude scale can be expanded using the SCALE switch on the 
Display Unit panel. The phase scale is expanded by using the POLAR 
ANG/DIV switch. The SCALE switch has no effect on the phase dis- 
play; note also that the scale factor display is dark when phase is 
being shown, since the POLAR ANG/DIV switch defines the scale 
factor. 
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Polar coord’s 
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Rectangular 


courd’s 


Rectangular Coordinates 


To convert from polar coordinates (magnitude and phase) to rectan- 
gular [real (cosine) series and imaginary (sine) series], the com- 


mand is: 
where: 


N1 is the data block. Default value = data block 0. 


In rectangular coordinates, the vertical axis on the scope is ampli- 
tude and the horizontal is frequency. By using the MODE switch on 
the Display Unit panel, one can display either the real (cosine) com- 
ponents or the imaginary (sine) components of a spectrum. 


Logarithmic vertical scale 


To convert the vertical axis of the display to logarithmic scale, the 
following command is used: 


LOG Block 


where: . 


Ni is the data block. Default value = block 0. 


If the display was in polar coordinates, then the logarithm is taken 
on the magnitude values. If the display was in rectangular coordi- 
nates, then the logarithm is taken on the real part only. Logarithm 
is taken on all the time domain data because it is composed solely 
of real numbers. 


Scale factor display 


The scale factor display specifies the offset, i.e., the value of the 
top line of the scope display in dB. When the Fourier tape was first 
loaded into the machine, the log scale was automatically calibrated 
in power dB, that is: 5 dB/division on the scope display. If you 
wish to convert this to a voltage dB calibration (10 dB/division), the 
tape must be reloaded and then, after it stops, the LOAD TAPE key 
must be pressed again. A final section of tape will then be loaded 
automatically which calibrates the log scale in voltage dB. 


De 








The SCALE switch on the Display Unit permits the user to adjust the 
offset to a decade value such as 0, 20, 40, etc. +2 power dB or +4 
voltage dB are added for each position to the right the switch is 
turned. Thus, for example, if the offset was -12 dB, then one posi- 
tion to the right would bring it to the decade value of -10 dB. 


Log printouts 
In a logarithmic printout on the Teleprinter {accomplished by the 


PRINT command), the dB values are printed in hundredths. The 
scale factor N1 at the start of the printout, i.e., 


is the number of dB offset which must be added to all dB values in 
the data. This offset will be some multiple of 10, regardless of what 
the scale factor display was before the PRINT command. In other 
words, the machine automatically makes sure that the offset is con- 
verted to a multiple-of-ten offset. 


Exponential Magnitude Coordinates 


This command is the inverse of LOG MAG and is used to return to 
a linear scale from a logarithmic vertical scale. The form is: 


where: 
N1 is the data block. Default value = block 0. 


There are two types of CLEAR functions: block and partial block. 
The command to clear an entire data block is: 


where: N11 is the default value. Default value = block 0. 


Exponential 


magnitude, 


Clear block 
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Load block 


The command to partially clear a block, i.e., a given range of 
channels, is: 


Block Channel 
Sa i 
SPACE Channel ENTER 
N3 I 


Ni is the data block. 
N2 is the first channel to be cleared. 
N3 is the last channel to be cleared. 


where: 


Following is table of default values: 


; Default Value 
Meaning of Element of Element 


Data block to be cleared Block 0 
First channel to be cleared Channel 0 


Last channel to be cleared Channel N2 


*If N3 is defaulted, then only channel N2 will be cleared. 





Of course, the block clear is simply the defaulted version of the 
partial block clear. 


LOAD 


This function transfers data from block N1 to block 0. Any previous 
data in block 0 is written over. Block 0 is displayed. Data in block 
N1 is left untouched. The command is: 


pa 


N1 is any data block except block 0. No default allowed. 


! 


where: 


Note that, since this is an operation between two data blocks, one of 
them must be block 0, as per the discussion of the general Keyboard 
command structure, page 3-12. Hence, block 0 is not named in the 
command. 


To remember the difference between the LOAD and STORE com- 
mands think: "LOAD 0, STORE elsewhere." 





a of 


ee 


oh ae tte el, cma 





STORE 


This function transfers data from block 0 to block N1. Block 0 is 
displayed and the data in block 0 is left untouched. Any previous 
data in block NI is written over. The command structure is: 


where: 


N1 is any data block except block 0. No default allowed. 
Note that, since this is an operation between two data blocks, one of 
them must be block 0, as per the discussion of the general Keyboard 
command structure, page 3-12, Hence, block 0 is not named in the 
command, 


To remember the difference between the LOAD and STORE com- 
mands, think: "LOAD 0, STORE elsewhere." 


INTER 
Interchange 


This function interchanges data in blocks 0 and N1. Block 0 is dis- 
played, No data in any block is lost as a result of this operation. 


The command is: 
INTER 


NI is any data block except bloek 0. No default allowed. 


where: 


Note that, since this is an operation between two data blocks, one of 
them must be block 0, as per the discussion of the general Keyboard 
command structure, page 3-12. Hence, block 0 is not named in the 
command, 


In order to interchange two data blocks neither of which is block 0, 
and do so without loss of data in any other block, a procedure such 
as that shown below must be used. Three different sets of data, A, 
B, and C reside initially in the three blocks 0, l and2. The com- 
mands shown will interchange B and C without loss of set A. 


Initial conditions: 


Set of Data in Block | A | 8 


5-5 


Store, 


Interchange blocks 


Matis k 


Fess BRUNER ee 





5-6 


hift, 


ideu_ 


ion 


The following commands interchange blocks 1 and 2 without loss of 
block 0: 


Data block 


The command INTERCHG 1 ENTER 
yields... 


The command INTERCHG 2 ENTER 
yields... 


The command INTERCHG 1 ENTER 
yields... | 





[ - | Block Shift or Rotate 


This shifts or rotates the entire block a given number of channels 
to the left. In this case, the block is assumed to be circular, i.e., 
the last channel is connected to the first. The command form is: 


Pp N2 ENTER 
where: 


Ni is the data block to be shifted. No default allowed. 


N2 is the number of channels the block is to be shifted. 
No default allowed. 


In the frequency domain, as far as the shift command is concerned, 
the end of the real portion is assumed to be connected to the begin- 
ning of the imaginary portion, and the end of the imaginary portion 
then circles around to the beginning of the real. 


YL Block Addition 


This function adds the data in any block, point-by-point, to the data 
in block 0, and stores and displays the result in block 0. The data 
in the other block is left unchanged. The command structure is: 


Block 


N1 is any data block. Default value = block 0 (i.e., 
in that case, data block 0 is added to itself, ) 


where: 





At 
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All block additions must be done in the same domain (both blocks in 

=: time domain, or both blocks in frequency). Otherwise the answer is 
nonsensical. Data should be in rectangular linear coordinates. How- 
ever, the magnitudes in polar coordinates may be added (for example, 
to obtain an ensemble average), but the resulting phase sum will be 
nonsensical, 


 - | Block Subtraction 


This function subtracts the data in any block, point-by-point, from 
the data in block 0, and stores and displays the result in block 0. 
The data in the other block is left unchanged. The command struc- 


ture is: 
[ - | 


Ni is any data block. Default value = data 
block 0 (in that case, result would be zero as 
data is being subtracted from itself. ) 


where: 


Subtraction, 


All block subtractions must be done in the same domain (both blocks 

7 in time domain, or both blocks frequency). Otherwise, the answer 
is nonsensical. The magnitudes in polar coordinates may be sub- 
tracted (for example, to obtain an ensemble average), but the re- 
sulting phase difference will be nonsensical. 


Multiplication 


Loop Counter Multiply 


This command is used solely inside a count loop in a program; its 
purpose is to multiply any block by the loop counter integer. The 
command is executed only inside a loop, in a user entered-program, 
while the program is running and the BUSY light is on. If the user 
attempts to execute the command directly from the Keyboard, a 
WHAT? signal will result. The command is: 


MULT SPACE [> | ENTER 


where: ’ 
N1 is the block to be multiplied. No default allowed. 


0 is a code number for this command. 
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Conjugate 


Mutiplication 


Block Multiplication 


This is the point-by-point multiplication of block 0 by any data block, 
Ni, with the results being stored and displayed in 0, and the data in 
the other block left unchanged. The command form is: 


where: 


N1 is any data block. Default value = block 0 (i.e., block 0 
is then squared). 


The data in both block 0 and the other block must be in rectangular 
coordinates, and both must be in the same domain, otherwise the 
result is nonsensical, 





integer Multiply 


This function multiplies block N1 by the integer N2, and stores and 
displays the result in block N1. The command form is: 


MULT Block SPACE Integer ENTER 
N1 N2 
where: 


N1 is the data block. No default allowed. 


N2 is the integer, which can be any positive value from 1 
through 32,767. No default allowed. 


To multiply a data block by a fraction or a decimal, integer multi- 
plication and division are used. For example, to multiply a data 
block by V2 (1. 414), integer multiply the block by 1414, then integer 
divide by 1000. 


Block Conjugate Multiply 
¥ 


This function multiplies block 0 point-by-point by the complex con- 
jugate of any other block, Nl, and displays and stores the result in 








te 


block 0. The data in the other block is left untouched. The com- 


mand form is: 
ENT 
MULT ER 
where: 


N1 is any data block. Default value = block 0 (in that case, 
block 0 would be multiplied by the complex conjugate of itself. 
This is the operation used toobtain the power spectrum from 
the Fourier transform. ) | 


Data must be in rectangular coordinates. 


[+ | Integer Divide 


This function divides block Nl, by the integer N2. The result is 
stored and displayed in block nf. The command structure is: 


Integer 
Le eats ili 
where: 


N1 is the data block to be divided. No default allowed. 


N2 is the integer, which can be any positive value from 
1 through 32, 767. No default allowed. 


[ + | Loop Counter Divide 


This command is used solely inside a count loop in a program; its 
purpose is to divide any block by the loop counter integer. The com- 
mand is executed only inside a loop, in a user entered program, 
while the program is running and the BUSY light is on. If the user 
attempts to execute the command directly from the Keyboard, a 
WHAT? signal will result. The command is: 


[- ] (ve) [ee] Le) fe 


where: 


Ni is the block to be divided. No default allowed. 


0 is the code number for this command. 


& Division 
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Division 





[+ | Block Division 


This function divides the data in block 0, point-by~point by the data 
in block Nl. The result is stored and displayed in block 0, the data 
in Nt is left untouched. The command form is: 


(A) 
where: 


N1 is the data block by which block 0 is to be divided. 
No default allowed. 


Both blocks must be in linear, rectangular coordinates, and both 
must be in the same domain (both time or both frequency). Other- 
wise, the results may be nonsensical. 


The number system used in the Fourier Analyzer is floating point on 
a block basis. This means that all the data words stored in a block 
represent numbers between 0 and 1.0 and that the block scale factor 
applies to all words in the data block and scales them to the correct 
value. When two data blocks are divided, the scale factors of the 
two are first divided, and the resulting scale factor determined. 
Then the division proceeds on a channel-by-channel basis using a 
complex division algorithm. Since the largest number that can be 
stored in memory is equivalent to 1.0, multiplied by the block scale 
factor, the following procedure is used to assure that no number 
larger than 1.0 need be stored. 


When the quotient overflows 1.0 in a channel, the quotients in all 
prior channels plus the overflow one are divided by 2 and the scale 
factor is multiplied by 2, leaving the result with the correct numer- 
icalvalue, The unprocessed channels of the dividend are also divided 
by 2, assuring the proper result in those channels. This procedure 
is repeated until the quotient between the two numbers of a given 
channel is less than 1.0. If this process were allowed to proceed 
unchecked, as in the case where the divisor block has a very low 
value for one channel, and the dividend block a value near unity for 
that channel, the result would be that the high ratio for the channel 
would be computed with accuracy, while all other values in the data 
block would be scaled down (divided by 2) so many times as to lose 
any significant resolution or accuracy. To limit this problem, a 
maximum of 5 scale-downs are allowed. This means that the quo- 
tient and dividend will be divided by 32 in the worst case. When this 
number of scale-downs is reached, any further overflows result in 
the quotient being "saturated" or overflowed at the largest number, 
When this happens, the largest numbers in the block are the over- 
flowed channels and are not valid. The block division is then com- 
pleted for all channels, and the WHAT? light comes on, If a program 
is being processed, the program will halt at this point. Should the 
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WHAT? light come on before the division is started, this is an indi- 
cation that the command itself was in error, for example, that a 
nonexistent data block was named. In either case, a press of the 
CONTINUE key will restart the program from the WHAT? signal. 


If, in dividing two data blocks, you repeatedly get overflows in a 
certain range, the solution is to clear out (using the CLEAR com- 
mand) before the division operation is executed, the channels in the 
numerator that typically overflow. 
| 

Example: The following example illustrates the use of a number of 
processing operation keys and /specifically illustrates the effects of 
the dividend overflow. Enter a constant value of 3.2 into all channels 
of data block 0 with the following set of commands: 


[essto} [© | [ee] Le] [ee] 
fs] fey Gey fe 


Division 
= pean SPACE ENTER 


\e 


A constant value as shown in Figure 5-1(a) is now in data block 0. 
Store this function in data block 1 with the following command: 


Note that the function stored in block 1 is identical to that which is 
left in block 0. This can be checked with the following commands: 


DSPLY ENTER 
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Figure 0-1. Example of block division, showing overflow 





- 


Division 





(b) After integration of channels 5 through 128 








Divide the value in data block 1 by the integer value 64 with the fol- 
lowing integer divide command: 


AO e 
OO 


Note that the constant in block 1 is now 3.2/64 or 0.05. If we inte- 
grate block 1 from channel 5 to128, the integral of the constant value 
will be a ramp which starts with channel 5 and increases to the end 
of the data block. This command will execute the integration: 


et es i a 
| aS EBOER EC 


The result of this integration is shown in Figure 5-1(b). If the con- 
stant value in data block 0 is divided by data block 1 the low values 
in the first few channels will cause the divide to overflow. Do this 
division with the following command: 


ean 


Note that the divisionhas caused aWHAT? signal but that the division 
operation was completed, The result of the block division is shown in 
Figure 5-1(c). Note that the first seven channels are overflow values. 


Integration 


There are two types of integration in the Fourier Analyzer: block 
integration, in which the entire data block is integrated, and partial 
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Integration 
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Integration 


block integration, in which only a given number of channels in the 
block are integrated. The command for block integration is: 


where: 
NI is the data block. Default value = block 0, 


The command for partial block integration is: 


Channel P 
Channel! 


where: 
N1 is the data block. 


Nz is the first channel of the range to be integrated, 


N3 is the last channel of the range to be integrated. 


Default Value of Element 


Default table is ag follows: 


Meaning of Element 




























Nl data block block 0 
first channel to be channel 0 
integrated 








last channel to be channel N2 


integrated 





*If N3 is defaulted, then channel N2 will be the start and end of 
the range of integration, 





This function was designed principally for integrating spectra. Ina 
normal spectrum, the amplitude at each frequency is taken as the 
total area in the channel width Af. Integrating the spectrum is then 
simply the sum of the amplitudes channel by channel. The individual 
area approximations are taken to be rectangular, not trapezoidal, 
In the integration process, the value of the first integrated channel 





remains unchanged, the value of the second integrated channel be- 
comes the sum of the first and second channel amplitudes, the value 
of the third integrated channel becomes the sum of the second (sum) 
plus the third, etc. Inthe Fourier Analyzer, integration and differ- 
entiation are exactly reciprocal processes. 


Differentiation 


The command structure for differentiation is: 


x 


N1 is the data block. Default value = block 0. 


where: 


Just as integration in the Fourier Analyzer is merely the summing 
of amplitudes, so differentiation is successive subtraction of ampli- 
tudes (the so-called first difference approach to differentiation). 
The value of the first channel is left unchanged. The value of the 
second channel is thentaken as the value of the second in the original 
function minus the value of the first. The value of the third is the 
original third minus the second (difference), etc. 


It will be noticed that, after repeated differentiations of functions 
which have slopes that are relatively low, repeated integrations will 
not bring back the exact original function. This is because the dif- 
ference between small differences (low slope) is a small number, 
and repeated differentiations eventually yield numbers too small for 
the resolution of the Analyzer. Repeated integrations cannot bring 
these lost values back, hence, the slight discrepancy between the 
reintegrated function and the original. 


Fourier Transform 


The Fourier transform can be taken on one data block, or on two data 
blocks in succession, via the command: 


Biock Block 


Differentiation, 


Fourier tr. 
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Inverse Fourier 





where: 
N1 is a data block. Default value = block 0. 
N2 is another data block. Default value = transform is 
taken only on block N1. 


The result of a Fourier transform is always in rectangular coordi- 
nates. The value of the imaginary part of the de and the highest 
frequency channels is always 0, as explained below under "Fourier 
Transform used in Fourier Analyzer." 


| 


Inverse Fourier Transform 


Like the Fourier transform, the inverse Fourier transform can be 
taken on one data block, or on two data blocks in Succession, vai the 


command: 
Block Block 
[| ~~ cas 


where: 
N1 is a data block. Default value = block 0. 


N2 is another data block. Default value = transform is 
taken only on block N1. 


Fourier transform used in Fourier Analyzer 
Sie ee ee ley eer 


The following is the definition of the Discrete Finite Transform 
(DFT) used in the Fourier Analyzer: 





n=N-1 _ i2mnm 
(forward) F(mAf) -5 > f(nAt) e eo 
n=0 
m=N-1 i27nm 
- Nee 
(inverse) f(nAt) = F(mAf) e 
m=0 


where: 


At time increment 


4f = frequency resolution 


Z, 
NN 


the total number of points in the time domain, 
i.e., the block size 











N time points theoretically suggest there should be N frequency 
points. Since the data computed is always a pure real time series, 
the negative frequencies that are normally present in a double-sided 
transform are perfectly symmetrical with the positive frequencies. 
These negative frequencies therefore are redundant data, and hence 
are not stored. In the Fourier Analyzer, from an N-point real time 
series, we compute and display N/2 positive frequencies, plus dc. 
Each frequency except the highest has two independent numerical 
values: a real (cosine) and an imaginary (sine). The highest fre- 
quency has only a real, but no imaginary value. The actual arith- 
metic is as follows: N/2 positive real frequency values plus dc 
value = N/2 +1 real points. The imaginary side has no dc value and 
no value for the highest frequency, hence it has N/2 + 1-2, orN/2-1 
points. Adding the real and imaginary points together and we get 
N/2 +1 plus N/2 - 1, or a total of N points in the frequency domain 
from N points in the time domain. 


The display of the imaginary components of the spectrum always 
shows a 0 in the de and the highest frequency channels. Likewise 
0 phase shows in these channels. 


When taking an inverse transform of a frequency spectrum, the 
Fourier Analyzer assumes that the spectrum is symmetrical and 
thus computes a pure real time series. 


Important Note: When entering frequency domain values from the 
Keyboard or the Photoreader, zero must be entered for the imagi- 
nary or phase value of the highest frequency when these two points 
are part of the data. 


Phase considerations 


Each frequency in the spectrum after a Fourier transform can be 
written as: 


F({mAf) = A(mAf) + iB(mAf) 


The spectrum values of the real part, A, and the imaginary, B, 
depend on the starting point in time, i.e., the relative phase of the 
signal. Thus, the linear Fourier spectrum shape will vary both in 
amplitude and polarity from sample record to sample record, de- 


-pending on the starting point of the signal. To get a constant spec- 


trum shape, independent of the starting point of the signal, it is 
necessary to convert the real and imaginary components into magni- 
tude and phase or into the appropriate power spectrum. This can be 
done using the POLAR key to obtain a magnitude spectrum, or, in 
the case of an autopower spectrum, by doinga self complex-conjugate 
multiply (MULT*). 


In the case of polar coordinates, any magnitude can be written; 


|[Fmaf)| = YA? (maf) + B? (mat) 


and the phase can be written; 


B(mAf) 
A(m4f) 


Z_F (mAf) = arc tan 
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Fourter tr. 





The power spectrum is; 
F(mAf) aoe A? (mAf) + B? (mAf) 


While the magnitude and power spectrum do not depend on the Starting 
point or phase of the input time series, the phase angle, of course, 
does. 


Amplitudes in spectrums 
| 

Since the Fourier algorithm used only stores the positive half of the 
spedtrum, a sine wave of peak amplitude A will yield a spectral line 
of amplitude A/2. The RMS value for the sine wave is A/V2, so that 
to find the RMS value in the spectrum, it is necessary to multiply 
the displayed amplitude by V2,i.e., 1.414. See the integer MULT 
command on page 5-8. 


A complete tabulation of the values given by the Fourier Transform, 


and the constants needed to correct these, are shown in the table 
below. 


AMPLITUDE VALUES FOR AN A sin wt INPUT 
FOURIER AN- MULT BY TO GET > 









FUNCTION 





ALYZER GIVES 
RMS value 
A/2 V2 
(A/V2 ) 
Peak value 
A/2 A 
A2 /4 Power 
(A2/2) 


Normalizing the spectrum 

The transform is taken without reference to the effective bandwidth 
set by the ADC sampling controls (for information on these controls, 
see page 4-4). Since the effective noise power bandwidth of the 
Analyzer is 1/T, where T is the sample record “length, multiplica- 
tion of the spectral values by T will normalize the above power 
spectrum to per unit bandwidth. To normalize a linear or magni- 
tude spectrum to per /Hz, simply multiply the spectrum by JT. 
In this way, measurements of random noise and other non-coherent 
signals that can be defined as having a constant spectrum density, 
can be normalized to give equivalent readings independent of sample 
rate and bandwidth of the Analyzer. 





Linear or 
Magnitude 
Spectrum 




















Linear or 
Magnitude 
Spectrum 













Power 
Spectrum 











* 


bP EEE ne Ue arn — ee —— 
me eee Sa : Bs : 
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However, if sinusoids and other coherent signals are normalized in 
this way, they will have amplitudes that depend on system bandwidth. 
Thus, if one is seeking equivalent measurements for coherent sig- 
nals, it is best not to normalize. 


Correlation 


Correlation is an operation done between two blocks of data, there- 
fore by the rule discussed under the general form of the Keyboard | 
command, page 3-12, one of the blocks must be block 0, and only 

the second block is named in the command. Results are stored and 
displayed in block 0. 


If the correlation is between block 0 and another block, then the re- 
sult is a cross correlation. If between 0 and itself, the result is an 
autocorrelation, as shown in Figure 5-2. The command structure is: 


where: 


N1 is any data block. Default value = block 0 (in that case, 
an autocorrelation will result). 


Correlation 


Figure 5-2(a). Flow graph of cross correlation 
computational procedure 


















DATA SET, 
IN BLOCK NI 


DATA SET, 
IN BLOCK 0 























FOURIER 
TRANSFORM 


FOURIER 
TRANSFORM 






SPECTRUM IN 
BLOCK NI 


SPECTRUM IN 
BLOCK O 










( COMPLEX 
CONJUGATE ) 






CONJUGATE 
MULTIPLICATION 


CROSS POWER 
SPECTRUM 
OF BLOCKS 0, 
NI, IN BLOCK O 


INVERSE 
FOURIER 
TRANSFORM 






INVERSE 
FOURIER 
TRANSFORM 







CROSS 











CORRELATION ORIGINAL 
“ OF BLOGKS 0, DATA IN 
BLOCK NI 






NI, IN BLOCK O 
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Correlation 





The means by which the Analyzer obtains the correlation function is 
as follows: first the Analyzer takes the Fourier transform of both 
blocks (cross correlation) or of block 0 (autocorrelation). The An- 
alyzer does a conjugate multiply on both blocks or block 0 with itself. 
This yields the power spectrum. Finally, the inverse Fourier trans - 
form is taken on the ppwer spectrum, to produce the correlation 
function. Flow graphs of these computations are shown in Figure 5-2. 
Note: when beginning a correlation with data in the frequency domain, 
it is necessary to multiply the result by the block size to achieve the 
proper scaling and calibration. 


Figure 5-2(b). Flow graph of autocorrelation 
computational procedure 















DATA IN 
BLOCK 0 


FOURIER 
TRANSFORM 


COMPLE X 
CONJUGATE 
MULTIPLICATION 


SPECTRUM IN 


art 


iINVE RSE 
FOURIER 
TRANSFORM 








AUTO 
CORRELATION 
‘IN BLOCK O 


The final correlation function is in the time domain, but with the 
horizontal axis representing values of r(lag) not t (time) as orig- 
inally, over a range of +T/2. T is the length of the data window. 
This is shown in the three sets of axes on page 5-21. Note that the 
position of the origin can be switched with the ORIGIN switch on the 
Display Unit panel. The switch of origins is a display function, not 
a change in channel locations in the data block. With the ORIGIN 
switch on LEFT, the channels run from 0 on the left to N-1 on the 
right. Channel 10 is the tenth channel from the left origin, channel 
N-10 is the N-10th channel from the left origin. When the origin is 
set to CENTER, these channel numbers retain their same relative 
positions. 


Example 1: Set a block size of 128, then manually create a rec- 
tangular pulse in block 0, 10 channels wide, via the following com- 
mands: 


hale 


KEY 
BOARD 


KEY ENTER 


BOARD 


F] We 
Hil 


JC) Wie 


[J Le 


NORMAL TIME 
DOMAIN DISPLAY 





AFTER CORRELATION, 
ORIGIN SWITCH ON LEFT 





AFTER CORRELATION, 





ORIGIN SWITCH ON CENTER 
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Correlation 
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Sorrelation 





Take the autocorrelation of the pulse by pressing: 


CORR ENTER 


The result should be as shown in Figure 5-3(a). Switching the ORI- 
GIN switch to CENTER should give the result shown in Figure 5-3(b). 


Example 2: Set the same block size and create the same rectangular 
pulse as in Example 1. 


Transfer the pulse to block 1 by pressing: 


STORE [+] ENTER 


Shift the pulse in block 1, 100 channels to the left: 


AAEoOo 
a 


Take the cross correlation of block 0 and 1 by: 


[com] [os] [ore] 


The result should be as shown in Figure 5-3(c), and indicates a lag 
between the two signals of 28 channels. 


Wrap-around error 


In any correlation or convolution operation using the Fast Fourier 
Transform, the effect known as wrap-around error must be taken 
into account. It occurs whenever one of the signals to be correlated 
or convolved is 0 for less than half of the record length T. 


To understand the cause of wrap-around error, we must realize that 
correlation or convolution in the Fourier Analyzer are done by going 


I rete et ee tee, 


Pe 
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Figure 5-3, Autocorrelation (a and b) and Cross correlation (c) 


Correlation 





(c) After original pulse was shifted 100 channels 
(8 point markers) \ 
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Wrap-around 


.fror 


through the frequency domain. This means that whatever portion of 
the original signal the Analyzer takes in, it assumes the data block 
to be periodic, with the period having the record length T, as shown 
in Figure 5-4, 3. Now when correlation or convolution are done, an 
error results because the original signal was in fact not periodic in 
this way. The very first increment of shift, as shown in Figure 5-4, 
4, introduces an error, because, for example, point (a) is being 
multiplied by point (pb), rather than (a') by (b'), which should be the 
case, as shown in Figure 5-4, 4and9. The term "wrap-around 
error" comes from the fact that the repetitive records can be con- 
ceived as a single record, bent or wrapped around ina circle, as 
shown below: 


1 DATA BLOCK 


/ 
‘ o_T 


The way to eliminate the problem is shown in Figure 5-4, 6 through 
9. First we clear out T/4 channels on each end of one data block to 
be shifted. Now, when this record is shifted, it does not immedi- 
ately run into the next repetition in the other record. In fact, it can 
be shifted a total of T/4 increments before this happens, as shown 
in Figure 5-5, 7, and the correlation is thus valid over this range. 


- But shifts from ‘T/4 to T/2 of course do run into the next repetition, 


and hence are no good, just as, in the first case (Figure 5-9, 4) the 
very first shift was no good. (The same applies to shifts in the 
opposite direction, since correlation involves a +T/2 and a -T/2 
shift.) We now have a good correlation from 0 to |T/4|, bad from 
{T/4| to |T/2|. Therefore, in the final display, we simply clear 
out, or ignore, the outer 1/4 of the correlation or convolution 
function. 


The actual procedure is as follows: (See also sample correlation 

subroutine in Section VIII. ) 

1. In the case of autocorrelation, take the data into block 0, and 
STORE in block N1. (By the nature of the STORE command, 
this will now leave the data in both block 0 and block 1.) Inthe 
case of the cross correlation, simply introduce the data into 
blocks 0 and N1. 

2. Next, as shown in Figure 5-4, CLEAR out the first and last 

quarter of either of the blocks. 

Correlate the blocks, using the CORR command. 

When the resulting correlation function is displayed, the last 

quarters will also be inerror. Either ignore these quarters, 

i.e., the channels running from +T/4 to +T/2 shifts, and from 

-T/4 to -T/2 shifts, or clear them out also. The half of the 

correlation that remains, will always be correct. 


wm 








Figure 5-4. Wrap-around error 
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: Figure 0-4. Wrap-around error (cont'd) 


SOLUTION: First clear out Y, channels on each side of one data block. 


First shift then ok, le, no overlap with rapeated waveform. 





4 
mist shitt 
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C@rvusr 





———— — ie” 
Vp shlft overlap 


THEREFORE, IN FINAL DISPLAY, CLEAR OUT 
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Convolution 


Convolution like correlation, is an operation done between two blocks 
of data, therefore by the rule discussed under the general form of 
the Keyboard command, page 3-12, one of the blocks must be block 
0, and only the second block is named in the command, Results are 
stored and displayed in block 0. 


If the convolution is between block 0 and another block, then the re- 
sult is a cross convolution. If between 0 and itself, the result is an 
auto convolution. The command structure is: 


where: 


Ni is any data block. Default value = block 0 (in that case, 
an autoconvolution will result). 


The means by which the Analyzer obtains the convolution function is 

as follows: First the Analyzer takes the Fourier transform of both 

blocks (cross convolution) or of block 0 (auto convolution). The An- Convolution 
alyzer does a block multiply on both blocks or block 0 with itself. 

This yields the power spectrum. Finally, the inverse Fourier trans - 

form is taken on the power spectrum, to produce the convolution 

function. Flow graphs of these computations are shown in Figure 5-5. 

Note: when beginning a convolutionwith data in the frequency domain, 

it is necessary to multiply the result py the block size to achieve the 

proper scaling and calibration. 


The final convolution function is in the time domain, but with the 
horizontal axis representing values of r(lag), not t (time) as orig- 
inally, over a range of +T/2, T is the length of the data window. 
This is shown in the three sets of axes below: 


NORMAL TIME 
a me 
DOMAIN DISPLAY 











Note that the position of the origin can be switched with the ORIGIN 
switch on the Display Unit panel. The switch of origins is a display 
function, not a change in channel locations in the data block. With 
the ORIGIN switch on LEFT, the channels run from zero on the left 
to N-1 on the right. Channel 10 is the 10th channel from the left 
origin, channel N-10is the N-10th channel from the left origin. When 
the origin is set to CENTER, these channel numbers retain their 
same relative positions. 

Be sure to see the remarks on wrap-around error beginning page 
5-22. This error applies to both the convolution and correlation 
functions. 


Figure 5-5(b). Flow graph of auto convolution 
computational procedure 
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AUTO 
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IN BLOCK O 


Example 1: Set a block size of 128, then manually create a rectan- 
gular pulse in block 0, 10 channels wide, via the following commands: 


KEY 
BOARD 


SPACE 


SPACE ENTER 


KEY 


ENTER 


Bill 


(3) le 
mits 
WL 


SPACE 


pel te) a ee 
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Take the auto convolution of the pulse by pressing: 


CONY ENTER 


The results should be as shown inFigure 5-6(a), Setting the ORIGIN 
switch to CENTER should give the results shown in Figure 5-6(b). ; 


Example 2: Set the same block size and create the same rectan- 
gular pulse as in Example 1. Then transfer the pulse to block 1 by 
pressing: 


Convolution © 
[+ | 


Shift the pulse in block 1, 100 channels to the left: 


~- SPACE 
4 

4 

; 

j 


Take the cross convolution of blocks 0 and 1 by: i 


ta RR ae 


. The result should be as shown in Figure 5-6(c), and indicates a lag 
~ between the two signals of 28 channels. 








Figure 5-6. Autoconvolution (a and b) and cross convolution (c) 


Convolution 





(c) After original pulse was shifted 100 channels 
(8 point markers) 
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Origin-Centered Hanning 


This provides the window function, 1/2 + 1/2 cos 2z t/T: 





which can be used to window quadratic functions such as correlation 
functions and power spectra formed from correlationfunctions. Hann 
0 is always done by convolving the transform of the function in ques- 
tion with the following delta function, which is the Fourier transform 


Hanning of the window above: 


Thus, to window in the time domain, one first takes the Fourier 
transform of the function in question, then does a Hann 0 onit. Re- 
peated Hann 0's are permitted. = 





The command for Hann 0 is: 


HANN ENTER 
€ 
af - 


; where: 1 is the data block. Default value = block 0. 
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Hann 0 has one additional application, that of a smoothing function in 
the domain to which it is directly applied. This is because convolu- 
tion by the delta function above is a form of running average across 
the function in question. In brief: windowing in the time domain must 
be done by a Hann 0 in the frequency domain. Smoothing in either 
the time or the frequency domain is done by a Hann 0 in that domain. 


| 
Interval-centered Hanning 


This provides the window function, 1/2 - 1/2 cos 2nt/T: 


Hanning 





The function can be used, for example, to suppress leakage lobes in 
the frequency domain, Hann I always is done by convolving the trans- 
form of the function in question with the following delta function, 
which is the transform of the window function above: 
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Thus, windowing in the time domain is achieved by first taking the 
Fourier transform of the function in question, then doing a Hann I on 
it. 


The command for Hann I is: 


where: 
Ni is the data block. Default value = block 0. 


Repeated Hann I's are permitted: there is a leakage reduction of 
12 dB/octave each time the window is applied. 


Hanning 


' 
‘ 





SECTION VI 
OUTPUT MODES 


ABOUT THIS SECTION 


This section provides operating instructions for the following output 
modes: print (Teleprinter), punched tape, scope display and plotter. 
Binary output is covered with binary input in Section IV, page 4-22. 
The print (Teleprinter) and scope display outputs are standard on 
all Fourier Analyzers. Punched tape and plotter are options. 


PRINTED DATA OUTPUT VIA TELEPRINTER 


How Done 


The 2752A Teleprinter is used to obtaina printed copy of the data in 
any block, or in any part of a data block. The data is printed in the 
decimal number system with radix 10 scale factor. 


Print Command 


The form of the command for printing out data is: 


P Channel 
Channe} 
SPACE ENTER 


Teleprinter 


output 


where: 


N1 is the data block to be printed out. (See table below 
for default values. ) 


N2 is the first channel to be printed out. 


N3 is the final channel to be printed out. 
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output 





Default Values for PRINT Command 


Element Meaning of Element Default Value 
of Element 


NI data block 0 
_N2* 
N3* 


*If N2 and N3 are defaulted whole data block is printed, 








data block to be printed 
out 










whole data block is 
printed out 


N2 


starting channel of print- 
out 








end channel of printout 








Format of Printed Out Data 


Each printout begins with a line giving all the calibration factors 
associated with the data. The first item in the line is SF (meaning 
scale factors) and the form of the line is shown below: 


where: 


N1 is the amplitude scale factor for linear data (each word 
is multiplied by 10N1). or the value in dB to be added to 
each data word, for logarithmic data. 


When the Fourier tape was loaded into the machine, the log 
Scale was automatically calibrated in power dB (5 dB/divi- 
sion on scope); to obtain a voltage dB calibration (10 dB/ 
division), reload the Fourier tape, then, when it stops, 
press LOAD TAPE again, causing a final section of tape to 
be loaded which enters the voltage dB calibration. 


N2 is the coordinate code from the table below. 


0 X x x 

2 x xX 

4 xX x x 

5 x x x 
>a x x x 


N3 is the frequency code from the following table. 





ate a 


©) 





Af T 
(A FREQ) | (TOTAL TIME) 


























































10 psec 100 Hz 10 msec 
20 usec 50 Hz 20 msec 
50 usec 20 Hz 50 msec 
100 psec 10 Hz 100 msec 
200 usec > Hz 200 msec 
500 usec 2 Hz 500 msec 
1000 psec 1 Hz 1000 msec 
2000 psec .o Hz 2000 msec 






5000 psec .2 Hz 5000 msec 























10 msec 100 mHz 10 sec 
20 msec 50 mHz 20 sec 
50 msec 20 mHz 50 sec 
100 msec 10 mHz 100 sec 
200 msec 5 mHz 200 sec 
500 msec 2 mHz 500 sec 
1000 msec 1 mHz 1000 sec 
2000 msec .5b mHz 2000 sec 
5000 msec ,2 mHz §000 sec 


Examples of typical printouts are given in Figure 6-1. 


At the start of each printout line, the channel number of the first data 
word inthe line is given inparentheses. If the printout is of time data, 
eight channels of data per line are printed. If the printout is of fre- 
quency data, only four channels per line are printed. For each fre- 
quency channel, first the realor magnitude word is printed (depending 
on coordinates), then the imaginary or phase word. The channel 
number at the start of each line will change by eight for each line of 
time data, and four for each line of frequency data. Log printouts 
are in hundredths of adB. The scale factor (N1) must be added to 
each dB value. Phase is printed out in hundredths of a degree. 


After the printout, the display sometimes shifts up scale (with cor- 
responding change in scale factor). This occurs because, prior to 
printout, the data is expanded to full range in memory, for maximum 
resolution in the printout. 


To stop a printout while it is in process, simply press the STOP key 
on the Keyboard. The Teleprinter will finish its current line and 
stop. 
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output 
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Figure 6-1. Examples of printouts 
1. Time domain data 
N1: amplitude scale factor; N2: coordinate code; gp =time 
cages all data words rectangular data N3; frequency code; if ADC was 
by 10 used to input data, indicates 
| Ca Af = 100 Hz; T = 10 msec 
SF a a 63 otherwise is arbitrary number. 
C 2) 2490 2487 2541 2495, 2541 2496 2499 2498 
¢ 8) 2593 2500 2547 2499' 2583 
/ 
re 
Channel no, 
of first word in line ag 
2. Frequency domain data, rectangular coordinates 
4 = frequency 
tangular data 
multiply all data’ “~“ i imaginary value 
words a aK meaning as in 1. imaginary ” 
5 ‘ : ae real value Pa [ 
¢ @> 8293 s) 7418 -3089 5226 -5229 2391 -5830 
¢ 4) ~10_ -4964 a 
/ eh.4 ch. 1 ch. 2 ch, 3  Y 
q 


channel no. of first 


data 
two words in line 


3. Frequency domain data, polar coordinates (phase in .01 degree) 


ee STD tte 0+ 


eleprinter 0 = frequency polar 
inat magnitude valu magnitude 
‘utput coordinates ag alue ag 
phase value phase 
SF -6 5 63 
4 a> 8293 @ $035 -2261 7388 ~-4504 6300 -6769 
/ aie 
data 


4. Frequency domain data, polar log coordinates 
(magnitude in .01 dB; phase in .01 degree) 


Add -10 dB to 7 = frequency polar magnitude value 











each data word 10g coordinates magnitude 
x phase value phase 
SF -19 7 63 ~_— 
¢ @> -1081 e -1895 -2261 -1132 -4504 -3201 -6769 i 
4 4) -1304 -9813 — 
/ ch. 1 ch, 2 ch, 3 
ch. 4 


data 
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PUNCHED TAPE OUTPUT 


How Done 


Punched tape is outputted either by the optional High Speed Paper 
Tape Punch or, if a punch is lacking (or turned off), then the Four- 
ier Analyzer will automatically punch out the tape on the Teleprinter. 
It must be clearly understood that here we are talking about tape 
which is produced by the PUNCH command (described below) - -that 
is, a tape punched in ASCII code with a radix 2 number system and 
which therefore can be re-entered, if desired, in the Photoreader. 
Punched tape can also be produced on the Teleprinter by the PRINT 
and LIST commands, but this tape is a decimal, not a radix 2 num- 
ber system, and hence cannot be re-entered into the Photoreader. 
In the case of the PRINT command, it is used simply for reprinting 
material on the Teleprinter. In the case of the LIST command, it is 
used to re-enter programs only. A data tape can be entered on the 
Teleprinter if the tape is prepared as described on page 4-21. 


The Punch-Photoreader mode loses no accuracy on repeated inputs 


and outputs of the same tape. and therefore should be used in prefer- 
ence to the decimal Keyboard-Teleprinter mode. 


Output Command 


XN > The command to punch a paper tape is given below. If the instru- 
, ment does not have a High Speed Punch, set the Teleprinter switch 
to LINE and press the ON button on the punch. % 


The command is: 


Punch output 
hannel 
PUNCH SPACE pe 
SPACE a rb ENTER 


N1 is the data block to be punched out. 
N2 is the first channel to be punched out. 
N3 is the last channel to be punched out. 


Following table has default values. 
' Default Value 
Meaning of Element of Element 
data block 0 


N1 data block to be punched out 
N2* first channel to be punched out whole data block 
is punched out 


N2 
ck will be punched out. 


where: 
































N3* last channel to be punched out 
*If N2 and N3 are defaulted, entire data blo 


The PUNCH command causes a slash symbol (/) to be punched at 






the end of the data. 





Punch output 


Data Format 


The data format on any tape produced by the PUNCH command (via 
High Speed Punch or Teleprinter) is shown in Figure 6-2. 


Figure 6-2. Data format on punched tape 







SF 309 


32767 16384 oes 


SF stands for "scale factors" 


3 is "k" in the expression "9K All data words are 
multiplied by 2k, giving the number system called 
"floating point on a block basis.'' Thus, in the 
above example, all data words are multiplied by 
23= 8. (But note on next page what these data 
words stand for. ) 


6 coordinate code from following table. In above 
example, data is in time domain, rectangular 
coordinates. 


0 X xX X 
2 x x 

4 x X x 
5 x x 

7 xX x X 


9 frequency code from following table, which ex- 
presses data sampling parameters in terms of 
SAMPLE MODE and MULTIPLIER switch settings 
on the ADC. In the above example, pertinent 
data sampling parameters were Fyax of 0.5 Hz, 
At of 100 msec. 





SHEE ag cs Tm 





Figure 6-2. Data format on punched tape (continued) 


F 
Freq. max Freq. Af T 
Code |(MAX FREQ) | (4 TIME) |} Code (A FREQ) | (TOTAL TIME) 
47 63 


10 psec 10 msec 
20 psec 20 msec 

















































50 psec 61 50 msec 
100 psec 100 msec 
200 psec 200 msec 
500 psec 500 msec 

1000 psec 1000 msec 
2000 psec 2000 msec 
5000 psec 5000 msec 





10 sec 
20 sec 
50 sec 

100 sec 
200 sec 
500 sec 

1000 sec 

2000 sec 

5000 sec 


10 msec 





1000 msec 
2000 msec 
5000 msec 


32767 16384.. data words. Data word system is as follows: 
0 = 0; 32767 =1. 
To convert datawords into actual physical values: 
Use the following formula: 


data word k 
ices A cM, a 


39767 = actual physical value 


Thus, in the above example, actual physical value 
of first data word, 32767 is 


32767 = 93 =~ 8.00 
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SCOPE DISPLAY OUTPUT 


The 5460A Display Plug-In and the H51-180AR Oscilloscope form the 
Display Unit of the Fourier Analyzer. The purpose of the Display 
Unit is to convert digital data in the Analyzer memory to analog 
signals that may be displayed on the 8 x 10 cm screen of the scope, 
or may be sent to an external X-Y scope, or plotted on a standard 
X-Y plotter. Control of Analyzer operations connected with the dis- 
play--such as digital expansion and log horizontal scale--are pro- 
vided on the Display Unit. 


It is important to note that any operation called for by the Display 
Unit does not change the form or coordinates of the data in the mem- 
ory, but only modifies the data before it is transmitted to the Display 
Unit. Thus, display operations do not cause computational errors to 
build up. Only operations initiated by the Keyboard cause changes in 
data form in the memory. 


Display Command 


The command to display any data block has the following form: 


¢ 


DSPLY Block ENTER 
Ni 
where: 


N1 is the data block. Default value = data block 0. 


The Fourier Analyzer operates on an automatic display concept, 
that is, the result of an operation is displayed. There is one excep- 
tion: the ANALOG IN command, where the block displayed depends 
on the block named in N2 or N3 of the command, or on the default 
value, or, in the REPEAT mode, on the setting of the DISPLAY 
switch on the ADC. 


If a DISPLAY command is included ina program, the program will 
display and stop, until ordered to continue by pressing the CONTINUE 
key or by another command. In other words, the DISPLAY is a pause 
statement. However, in a machine with 16K memory, using the 16K 
program (Part No. 05450-90004), the following command will make 
the display take one sweep of the block specified, then continue the 
program automatically: 


where: 


N1 is the data block, default value = block 0. 


ee err Ly 


id 


Example of Calibrating the Scope for Normal Use 


To calibrate the scope for normal plus and minus readings (as 
opposed to full scale positive-only readings, covered in the next 
example), make the following settings: 


FUNCTION to CAL 
CALIBRATE to ORIGIN 


Now use the VERTICAL POSITION control (on Display Plug-In 
panel) to situate the calibration dot exactly midway on the left 
vertical line (i.e., on the 0 point on the vertical axis. Then use 
HORIZONTAL POSITION control (on scope panel) to situate cali- 
bration dot exactly on vertical axis. Then set: | 


DISPLAY CALIBRATE to +FS 


Use the screwdriver adjustment on the GAIN control CAL posi- 
tion to set the dot exactly on the top line of the scope. The dot 
should be on the center vertical axis. Then set: 


DISPLAY CALIBRATE to -FS 


The dot should be on the bottom line of the scope, on the center 
vertical axis. 


Example of Catibrating the Scope for Positive 
Readings Only 


In many cases, such as, power spectra, the function displayed 
on the scope will be positive only. Thus, a full plus and minus 
scale will be wasteful of the resolution powers of the scope, To 
calibrate the scope for full-screen positive display only, set: 


FUNCTION to CAL 
CALIBRATE to ORIGIN 


Now use the POSITION control to situate the calibration dot in 
the lower left corner of the screen. Use the HORIZONTAL 
POSITION control (on scope panel) to make any horizontal ad- 
justments necessary to put the dot exactly on the corner. Now 
set: 

CALIBRATE to +FS 


and use the GAIN control to situate the dot exactly on the top line 
o’ the screen. It should be on the center vertical axis. Any 
positive display will now be spread out over the full screen, 


Example of Using Markers to Determine a 

Channel Number 

It is desired to determine in what channela particular point lies. 
First set following display conditions: 


SWEEP LENGTH to 10 
ORIGIN to LEFT 
MARKER to OFF 
FUNCTION to DISPLAY 
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TYPE to POINT 
MODE to REAL MAGNITUDE 
SCALE to vertical position 


We will manually enter data into the 0 data block, using a data 
block size of 128. To do this, press the following keys on the 
Keyboard: ; 


CLEAR ENTER 


KEY ‘ 
| 
Scope output 


Note that this data--which would bea single point--is in the time 
domain (FREQ light is off), and has RECT coordinates. 


To determine what channel the point is in, set the MARKER 
switch to 8 PT. Note that the data point is more intensified (as 


is every 8th point thereafter, across the screen), Therefore, - 


we know that the data point is in the 8th channel. 


It may be desired to move the data point a certain number of 
channels. Assume we want to move it 96 channels to the left. 
Press: 


Then set MARKER switch to 32 PT. position. Now the data point 
is slightly beyond the first 32-point marker. We can count up 
from that marker, or switch to 8 PT, and see that the data point 
is in channel 40. 


a tl ee 


a at re 








Figure 6-3. 5460A Display Unit 














eae VERTICAL 
POSITION. GAIN 





. Scale factor 


for linear scales - the value of each vertical division on the 
scope. For example, a scale factor of 5 x 10 -005 means that 
each vertical division is 5x 10-5 or 0.00005 volts, or volts 
squared (the user must know the units of the display he is look- 
ing at). 

The scale factor for a linear amplitude scale will always be 
correct if the GAIN control is in the CAL position. The Analy - 
zer will automatically adjust the digital output to give the best 
possible resolution with no display overflow.y When the scale 
factor is not correct during certain special situations (such as 
the analog-in REPEAT mode), the scale factor display will be 
blanked out. 


for log scales - the value, in dB, of the top line of the scope 
display, in other words, the offset. When the Fourier tape was 
first loaded into the machine, the log scale was automatically 
calibrated in power dB, that is, 5 dB/vertical division on the 
scope. 


To. convert this to a voltage dB calibration (10 dB/division) the 
tape must be reloaded, and then, after it stops, the LOAD TAPE 
key must be pressed again. A final section of tape will then be 
loaded which calibrates the log scale in voltage dB. 











domain and coordinate readout - on the right of the scale factor 
display, the domain of the data displayed (time or frequency) and 
the coordinates are given. 


FREQ: means that the horizontal axis has units of frequency, 
with de on the left edge (the left edge is channel zero), and maxi- 
mum frequency (Fm x) on the right. Each point is then 4f apart, 
the second point from the left being 1Af, the third 24f, etc. 
When the FREQ light is out, it means that the horizontal axis has 
units of time. 


RECT: indicates that vertical axis is real (cosine) or imaginary 
(sine), depending on setting of the MODE switch). 


POLAR: indicates that vertical axis is magnitude or phase, de- 
pending on setting of MODE switch. 


| 
| 
: 
{ 


LOG: indicates that vertical axis is logarithmic. The scale fac- 
tor display in this case gives the value of the top line of the dis- 
play in dB. (For example, a scale factor display of -020 in LOG 
means that the top line of the display is -20 dB. Assuming that 
the initial calibration on the Fourier tape was used, i.e., power 
dB, or 5 dB/division, then the scale would be as shown on the 
right below: 


VOLTAGE dB POWER dB 






2. POSITION: adjust vertical position of display. Used as part of 
calibration procedures. 


3. GAIN: expands display vertically. When in CAL position, scale 
factor will always be kept correct by Analyzer. This control 
allows the vertical scale to be expanded up to 2 times. It func- 
tions for all types of displays, and is a continuous expansion of 

the scope screen display only (i.e., does not change scale fac- 
tors and has no affect on external scope or plotter), This con- 
trol should be generally left in the CAL position so the display 
will always be calibrated in accordance with the scale factor 
display. 





4. MODE: 


COMPLEX: displays a complex, or Nyquist, plot of a spectrum, 
in which the horizontal axis is the real part, and the vertical axis 
the imaginary part of the spectrum, Each point then represents 
a frequency. The distance to each point from the origin is the 
magnitude, and the angle of the magnitude from the positive hori- 
zontal is the phase. Since this display requires an equal scale 
along each axis, the 8x 10cm scope display is automatically 
changed to an 8 x 8 em display when the MODE switch is put in 
the COMPLEX position. The center is then lt cm to the left of 
the center vertical axis on the Scope screen, 


REAL/MAGNITUDE: displays real part of Spectrum if scale 
factor display reads RECT. Displays magnitude if scale factor 
display reads POLAR. Displays log magnitude if scale factor 
display reads LOG. For time functions, this position will dis- 
play the real part of the time series, 


IMAGINARY/ PHASE: displays imaginary part of Spectrum if 
scale factor display reads FREQ and RECT. Displays phase if 
scale factor display reads POLAR. In this Case, the vertical 
scale is determined by the Setting of the POLAR ANG/DIV 
switch, with the numbers representing degrees per division. 
The numeric part of the scale factor display will be blanked out 
when the display reads POLAR. For time functions, this posi- 
tion will display the rea] part of the time series, since the 
imaginary part does not exist. 


POLAR ANG/DIV: sets number of degrees (angle) per vertical 
division when scale factor display reads POLAR and MODE 
switch is in PHASE position. 


SCALE: This is a digital expander of the vertical scale. In the 
upright position, makes scale factor display automatic, so that 
Analyzer sets the scale factor for best resolution without over- 
flow. When switch is turned clockwise, scale expands. When 
counterclockwise, scale compresses. 


This switch has two principal uses: first, it expands the display 
vertically over a 500:1 (2.3 decade) range, for examination of 
small details near zero, when large values are also present, 
Second, it overrides the automatic scale factoring of the Analyzer 
when taken off the vertical position so that two different displays, 
whose scale would be otherwise automatically changed by the 
Analyzer, can be photographed or plotted on the same scale. 
When display is logarithmic, each position off the vertical adds 
+2 power dB or +4 voltage dB to the display, depending on the 
calibration (which is determined by how the Fourier tape was 
loaded; see remarks under 1. , "Scale factor, for log scales''), 
Thus the switch can be used to set up a non-fractional decade 
scale {i.e., a top line value of -24 dB can be switched down to 
-20 dB, etc.). At the same time, the display is shifted down 
2 dB to maintain calibration. 


The price of using this capability is the loss of some of the dy- 
namic range of the log scale, due to the shifting down. 





Figure 6-3. 5460A Display Unit 
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SWEEP LENGTH: 


10: sweep is completed in 10 horizontaldivisions of scope screen. 
This will, however, produce a fractional number of channels 
per division, which the 10.24 and 12.8 positions avoid (e.g., 
with data block size of 512, number of channels per division = 
512/10 = 51.2.) 


10.24: expands sweep to 10.24 horizontal divisions. Part of 
the sweep will now be off screen, but number of channels per 
division on screen can be made non-fractional in this, or, fail- 
ing this, the 12.8 position {e.g., with data block size of 512, 
number of channels per division = 512/10. 24 = 50). 


12.8: expands sweep to 12.8 horizontal divisions. Part of 
sweep will now be off screen, but number of channels per divi- 
sion in this, or, failing this, the 10.24 position, can be made 
non-fractional (e.g., with data block size of 512, number of 
channels per division = 512/12.8 = 40. 


Note: sweep expansion has the same effect on an external plot- 
ter as it does on the scope. 





8. ORIGIN: 


LEFT: puts horizontal origin on the left edge of the scope screen, 
with channel 0 at the left edge, and channel N-1 at the right edge. 
Sweep moves from channel 0 to channel N-1. 


CENTER: channel 0 is in center of screen, channel N/2 at the 
right edge, channel N/2 +1 at left edge, channel N-1 is im- 
mediately left of channel 0, Sweep moves from channel 0 to the 
right edge, then in from the left edge to channel N-1. This mode 
of sweep is useful in certain cases where display of correlation 
or convolution is desired. This mode does not function in the 
frequency domain, where the origin is always on the left edge. 
| 


LOG: sets a logarithmic horizontal scale. The conversion for 
this scale is done digitally, so there are no conversion errors. 
The number of decades contained in a display is determined by 
the block size. For example, a block size of 128 has 64 fre- 

- quency points and thus has less than 1 decade of log horizontal 
display. A block size of 512 has 256 frequency points and thus 
has 2-1/2 decades of log horizontal display. This LOG mode 
operates in the frequency domain only. 














UNIT 
The horizontal log scale is illustrated below. 
5 
DISPLAY OUTPUT 
screen. 
hannels 
l (e.g., 
vision = 
Part of 
els per Fmox Fmax Fmox Fmex  Fmex F max 
r, fail- 100,000 10,000 1,000 100 10 
of 512, 
9. MARKER: 
Part of 
er divi- 32 PT: gives an intensity marker every 32 channels on the 
ye made horizontal axis, counting origin as channel 0. 
iber of 
OFF: no markers. 
ai: Ate . 8 PT: gives a marker every 8 channels on the horizontal axis, 


de counting origin as channel 0. 
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The SCALE switch does not function during a phase display. It 
does affect the display on external plotters and Scopes. Keep in 
mind that the external device plots or displays what is on the 
scope screen. . 


(Continued on other side) 
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Figure 6-3. 5460A Display Unit (Cont'd) 


14, TYPE: 


CONT: display will be a continuous line. Greatest usefulness is 
in time domain and log displays. 


POINT: display will be a series of points. Greatest usefulness 
is for linear displays in frequency domain. 


BAR: display will be a series of vertical bars. Useful for linear 
displays in frequency domain. 


Scope output 
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EXTERNAL X-Y SCOPE OUTPUT 


The Fourier Analyzer has provision to drive an external X-Y oscil- 
loscope for remote or large screen display purposes, X and Y sig- 
nals are derived from the X OUTPUT and Y OUTPUT connectors at 
the rear of the Display Plug-In. The format of these signals is the 
Same as on the scope screen. The 0 voltage point is at the origin of 
the display (i.e. , left edge, midway between top and bottom of screen), 
Positive full scale and negative full scale for the vertical (+2 and 
-2 volts) are at the top and bottom of the display screen. Horizontal 
full scale is given by an X OUTPUT of +9 volts. The output impedance 
for X OUTPUT and Y OUTPUT is 4.7kQ. To use these Signals with 
the HP 1300A X-Y Oscilloscope, it is necessary to attenuate them 
so they will be within its range. This can be accomplished by adding 
a 12002 load across each output, or by using an HP 10604A load on 
each output. The connections for hooking up the 1300 x-y scope to 
the Display Plug-In are given in the table below. A blanking signal 
is available at the UNBLANKING output. This signal Supplies a 
-12.6 volt signal behind 10 kQ to blank off the scope during retrace. 


1300 X-Y Scope Hook-Up 





Fourier Analyzer 1300A 
Display Unit Oscilloscope 
B X OUT with 12002 load X INPUT (DC) 


Y OUT with 12002 load Y INPUT (DC) 


UNBLANKING SWEEP BLANK 


External scope 


output 


The position of the external display, and the horizontal and vertical 
gain, are unaffected by the POSITION and GAIN controls of the 
Fourier Analyzer Display Unit. They are controlled only by the 
external scope controls. Calibration of the external scope is ac- 
complished by the regular Fourier Analyzer Calibration procedure 
(see page 6-9). Fourier Analyzer markers, and display modes 
other than POINT do not affect the external display. 





ee en 


ee 
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Plotter output 


PLOTTER OUTPUT 


How Done 


Plotter output is obtained with the HP 7004 Plotter, or with any other 
plotter that can handle the Display Unit output described below under 
"Using Other Plotters."' As long as the vertical GAIN control on the 
Display Unit is in the CAL position, whatever is displayed on the 
scope will be plotted. All display controls except two affect the 
plotter: these are the GAIN and POSITION controls. 


The following discussion appHes| primarily to the HP 7004 plotter. 


Comparison Between Point-Plotting and Continuous 
Plotting 


Two types of plotter output are available from the Fourier Analyzer: 
point-plotting and continuous plotting. Point-plotting is done with 
the HP 7004 Plotter and the 17012B Point-Plotting Head. The Display 
Unit sends a point to the Plotter, the Plotter servos null at that 
point, the Plotter pen lowers and places the point on the paper, the 
pen rises and the Plotter then sends back a flag to the Display Unit 
indicating it is ready for the next point. This mode is fairly rapid, 
having a riaximum rate of 50 points/second. Its main disadvantage 
is that when the points are far apart (as is often the case with spec- 
trums), the plot may be hard to read. 


One might argue that the above problem would be solved by simply 
using a continuous pen, that is, a pen which is on the paper at all 
times, thus drawing a connecting line between each point. However, 
when the points are far apart, there is some overshoot in the pen, 
and furthermore any slight difference between the rate of movement 
of each servo will cause not a straight line between points, but a 
curved one, 


A solution is provided in all Fourier Analyzers where Binary’ Input/ 
Output is not_used, namely the second of the two types of plotter 
outputs, called continuous. (The 8K 5450A is limited to the point- 
plot mode only.) For continuous plotting, a 7004 Plotter is used, but 
this time with the standard pen, which is continuously on the paper. 
Also, a different display command is required, namely: 


[ore] [see] [me] [oo] [omen 


N1 is the block to be displayed. 


where: 


This command calls up an interpolating display routine. The Dis- 
play Unit outputs points at a rate set by the PLOT RATE control 
(rate is variable between 5 and 300 points per second). The Dis- 
play Unit does not wait for a flag after each point. The distance 
between each point is so small (0.5% of scope screen width), that 
the overshoot for each point is negligible. In this mode the pen 
moves at a rate of 2.5 inches/second. 
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Figure 6-4, Point and continuous plots 


Plotter output 
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Plotter output 





Obtaining a Point-Plot 


To obtain a point-plot with the HP 7004, the Plotter must be installed 
as described inthe Plotter manual. Then, the procedure is as follows: 


1. 
2. 


Insert graph paper in Plotter. 


Be sure the ON-OFF switch on the 17173A Null Detector is ON. 
This is required on the 7004 to make the servo enable/disable 
function. 


| 
Place a 17012B Plotting Head in the arm. 
Set the PLOT RATE control on the Display Unit to EXT. 


Set RECORDER on plotter to MUTE. This will insure that the 
servos will be shut off between points. 


Be sure the vertical GAIN control on the Display Unit is in the 
CAL position. 


Set the FUNCTION switch on the Display Unit to PLOT. This 
causes the scope to finish its current sweep and stop. The 
servo-disable line from the Display Unit to the Plotter is open, 
turning on the plotter servos. 


Set ARM-PLOT switch to ARM. The pen should now move to the 
first point on the plot and stop. 


Set ARM-PLOT switch to PLOT. The pen should now plot the 
display. At the conclusion of the plot, the pen should lift from 
the paper. 


To return to the display mode, set the FUNCTION switch on the 
Fourier Analyzer to DISPLAY. This will ground the disable line, 
turning off the plotter servos. 


Obtaining a Continuous Plot 


To obtain a continuous plot with the HP 7004, the Plotter must be 
installed as described in the Plotter manual. Then, the procedure 
is as follows: 


1. 


2. 


Insert graph paper in Plotter. 


Be sure the ON-OFF switch on the 17173A Null Detector is ON. 
This is required on the 7004 to make the servo enable/disable 
function. 


Be sure a continuous plotting pen (Part No. 5080-7979, red, or 
59080-7980, blue) is installed in the arm. 


Set the PLOT RATE control about 3/4 full rotation. 


Set RECORDER switch on plotter to NO MUTE. 


Be sure the vertical GAIN control on the Display Unit is in the 
CAL position. Enter special display command (see page 6-14). 
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7. Set the FUNCTION switch on the Display Unit to PLOT. This 
= causes the scope to finish its current sweep and stop. The 
servo-disable line from the Display Unit to the plotter is open, 

turning on the Plotter servos. 


8, Set ARM-PLOT switch to ARM. The pen should now move to the 
first point on the plot and stop. 


9. Set ARM-PLOT switch to PLOT. The pen should now plot the 

display. At the conclusion of the plot the pen should lift from 

the paper. | 
To return to the display mode, set the FUNCTION switch on the | 


Fourier Analyzer to DISPLAY. This will ground the disable line, 
turning off the plotter servos. 


Calibration for Point and Continuous Plotting 


Before beginning a plot or a series of plots, the plotter should be 

calibrated. The following procedure applies to both the point and 

continuous modes. 

1. Be sure the ON-OFF switch on the 17173A Null Detector is ON. 
P 2. Set the RECORDER switch to the NO MUTE position. 


3. Set the FUNCTION switch on the Fourier Analyzer Display Unit 
= to CAL. 


4, Set CALIBRATE switch to ORIGIN. 


3d. Set the X ZERO and Y ZERO controls on the Plotter to position 
pen in the same location as the dot on the scope. Plotter output 


6. Now set CALIBRATE switch to +FS and set the plotter GAIN to 
match the dot position. 


7. Set CALIBRATE to -FS, and check pen and dot position. 


8. Return RECORDER switch to MUTE. 


Note: The Display Unit puts out .500+4 .1% volts/display division, 


Using Other Plotters 


Plotters other than the HP models can be operated from the Display 
Unit by wiring a plug for connector J112 on the back of the Display 
p Unit, according to the table below. 


Output of the Display Unit is .5V per scope division. 
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Plotter output 











J112 PIN NO. FUNCTION 


po -X OUTPUT 

PF —“(itS Not used 

pC Pen Control No. 1 
4) Servo disable 
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If the plotter does not have a highly damped response, and if the X 
and Y channel servos are not balanced as to time constant, there is 
likely to be hysteresis in the pen movement in the point plot mode, 
causing an unsatisfactory plot. The point plot mode is obtained by 
setting the PLOT RATE control to EXT, causing the Display Unit to 
output a point to the plotter then wait for a flag indicating the point 
has been plotted before outputting the next point. The hysteresis can 
be overcome by using the following display command. 


DSPLY SPACE [+ ENTER 


N1 is the data block to be displayed. 


This calls up an interpolation routine that will output points at the 
rate set by the PLOT-RATE control (5 to 300 points/sec) but only 
0.5% of the scope screen width apart, thus reducing hysteresis to a 
negligible amount. This is called the continuous plot mode. 


where: 


In normal operation the disable line is grounded when the FUNCTION 
switch on the Display Unit is in the DISPLAY position. When the 
FUNCTION switch in in the CAL or PLOT position the disable line 
is ungrounded (open circuit). This allows the servos of an external 
plotter to be muted when the Display Unit is in the display mode--that 
is, prevents the pen from attempting to follow the display. Pen con- 
trols I and 2 are shorted when the PLOT-ARM switch moves from 
the ARM to the PLOT position and a plot output is being delivered. 
The sense of contact closure can be reversed by moving the OC-CC 
jumper on Display Unit card 5460-60004 to OC or CC, whichever is 
appropriate. 


Each time a new point is sent to the plotter a seek pulse is sent. If 
the PLOT-RATE switch is in the EXT position, the new point is not 
sent until a completed plot pulse (flag) is received from the plotter. 
This is the point plot mode, If the PLOT-RATE switch is off the 
EXT position, the signal goes outat the rate set,i.e.,5 to 300 points/ 
sec. Assuming the special display command had been given, this 
would be the continuous mode of plotting. 


> 
A el le 





SECTION VII 
PROGRAMMING AND EDITING OPERATIONS 


ABOUT THIS SECTION 


This section gives a brief explanation of how a program is set up on 
the Fourier Analyzer, and details on the programming and editing 
keys. Keys are grouped as on the Fourier Analyzer Keyboard, i.e., 
Editing and Programming. Some additional keys which'pertain to the 
programming function are grouped at the end of the section. 


WHAT IS A PROGRAM 
A program is a sequence of commands which the Analyzer will per- 
form automatically. Power spectra and averaging functions are two 


prime examples of programming applications. 


A typical printout (called a listing) of a program on the Teleprinter 
might appear as follows. 


Meaning 

@ LI! Label 1 

1 Ch 1 Clear block 1 

3 42 Label 2 

4 RA a 1 Analog into block 0, display block I 

7 At 1 Add block 0 to block 1 

9 X>» 1 Store block 0 to block 1 
tl #2 188 ® Repeat steps from label 2, 100 times 
14. End program 


The following paragraphs give an outline of the kind of procedure one 
uses to set up and run a program onthe Fourier Analyzer. Details 
on eachof the Key commands are provided inthis section. A detailed, 
step-by-step explanation of how to set up and run a program is given 
in Section Ill, beginning page 3-26. Examples of some typical pro- 
grams will be found in Section VIII. . 


SETTING UP A PROGRAM 


There are 100 element locations in the program memory (200 with 
16K machines), which, when you begin a program, may be empty, 
but most likely will be partially filled with commands from a pre- 
vious program. Therefore, setting up a program consists of editing 
the contents of the program memory. Hence, every program entry 
must begin with an editing command--that is, a command involving 
one of the EDITING keys on the Keyboard. 





Writing a 


program 


Running a 


program 





In general, you will enter a program with a RePLACe command, 


for example: 
[> | 


which starts to enter the program at line 0 (i.e., at the beginning of 
the program memory). The BUSY light then comes on, indicating 
the machine is waiting for program commands. The BUSY light 
must be on when a program is being entered. Subsequent steps, or 
lines as they are also called in this manual, which you enter will 
automatically displace downward in memory any previous lines, 
unless this material has been protected by a PROTect command. 


After, or during the setting up of a program, the steps can be listed 
via a LIST command. Such a listing is shown above. The line num- 
bers are automatically assigned by the Analyzer: the number being 
the number of elements to the end of the previous line (these are the 
same command elements that have been mentioned several times 
throughout this manual). 


RUNNING A PROGRAM 


To start a program it is necessary to move the internal pointer to 
the starting point. (This pointer moves down the lines as the pro- 
gram runs.) The starting point may be either a label or a line num- 
ber. To start a program at a given line number, one uses a POINT 
command, to set the pointer to a given line number, followed by a 
press of the CONTINUE key. The program then starts running at 
the line specified, displays the result and stops. To start the pro- 
gram at a given label number, one uses a JUMP-to-a-label command; 
the program runs throughfrom that label, displays results and stops. 


The program may be stopped at any time by pressing the STOP key 
and restarted by pressing the CONTINUE key. To find out where the 
pointer is after the program is stopped, an interrogate command 
(symbol ?) is used: the tine number and also the range of protected 
lines, are then printed out on the Teleprinter. The interrogate 
command is useful if a WHAT? signal should appear during the run- 
ning of a program, The CONTINUE key will restart the program 
after an interrogation. 


RPLAC 


This command replaces a single line or a range of lines with another 
line or range of lines. It is the command most often used to write a 
new program, because it automatically displaces old program steps 
as the new ones are entered. The first line to be replaced (for ex- 
ample, line 0 when beginning a new program) is given in this com- 
mand; the end of the replacement sequence is indicated by a TERM 
ENTER command. 


All lines beyond the replacement range are moved up or down in 
number, in accordance with whether more or less elements were 
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replaced; in other words, the program memory re-compacts itself 
for most efficient use of memory space. 


The command form is: 


Line Line 
SPA ENTER 


where: | 


N1 is the first line number to be replaced. No default 
value allowed. 


N2 is the final line number to be replaced. Default 
value = N1, in which case, only line N1 will be replaced. 


If there is a program in memory and nothing beyond it, for example, 
a program with an END statement on line 10, and you wish to enter 
another program immediately after it, the REPLACE command must 
call for the replacement of the last line in the existing program (line 
10 in the example) and then this line must be re-entered, as is, and 
the new program entered following it. The reason here is that the 
automatic restacking feature of the REPLACE command will not 
operate on a blank line (as would be the case if the command were to 
replace line 11 and on). The command in that case would go back 
until it found a full line (line 10) and replace that. Thus, the last 
line of the previous program must be the one replaced, and then 
re-entered prior to entering the new program. 


Example 1. We will first look at a listing of a sample program. 
This listing was obtained by the command: 


LIST ENTER 
The listing is as follows: 
Meaning 
@ RA Q a | Analog in block 0, display block 1 
3 F a Fourier transform block 0 Replace 
5 t- Conj. multiply block 0 — 
6 At ! Add block 1 to block 0 
8 « End program 


Now it is desired to replace line 5 with commands to clear block 0, 
channel 0; perform an interval-centered Hanning function in block 0; 
then do a conjugate multiply on the same block. The command se- 
quence to accomplish all this is as follows: 





Note that Analyzer now goes to BUSY state. 


FOE 


Note that the Analyzer now goes to the READY state. 


Now we call for a printout of the entire program via the command: 


= LIST ENTER 


and the resulting printout would be: 


] 
aes 


Replace 


— = 
eavawwd 
= 
—= 


oP 


Example 2. Now, in the above program, it is desired to replace 
lines 5 through 9 with a single interval-centered Hanning command. 
The sequence of commands is: 
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(BUSY light now comes on.) 


wee ENTER 
TERM ENTER 


| Now, a listing (obtained by pressing LIST ENTER) would look as 
follows: 


@ RA 8 1 
3 F 8 

> Hi 

6 A+ ! 

8B e 


INSRT 


This permits the addition of any number of lines following any given 
ms line ina program. The command form is: 


N1 is the number of the line after which the 
new material will be inserted. 


where: 


While the additional material is being inserted the BUSY light will 


be on. After the material is in, a TERM ENTER command must be insert, 
given. The Analyzer then goes to READY. Program steps beyond 
those inserted are shifted farther down in memory. Delete 


DELET 


This is used to delete one step or a range of steps from a program. 
All lines below the delete move up to re-compact the program. The 
command form is: 


) i Li 
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List 





where: 
N1 is the number of the first line to be deleted. 
No default allowed. 


N2 is the number of the last line to be deleted. 
Default value = Ni or in other words, if N2 is 
defaulted, then only line Ni will be deleted. 


No TERM ENTER command is needed after the DELETE command. 


NOTE: IT IS NEITHER NECESSARY NOR DESIRABLE TO DELETE 
ALL ELEMENTS FROM PROGRAM MEMORY BEFORE aes 
A NEW PROGRAM. See REPLACE command, 


This causes any program, or any part of a program, to be printed 
out on the Teleprinter. 


To list an entire program from line 0: Use the command form: 


LIST ENTER 


The listing will proceed to the first END command, or, if there is 
none, to the first blank line, or, if the entire program memory is 
full, to the last line, i.e., line 99. 


To list a single line: Use the command form: 


Line 
tier ENTER 


N1 is the number of the line to be listed. 
No default allowed. 


where: 


To list a range of lines: Use the command form: 


Line Line 


N1 is the first line number to be listed. 
No default allowed. 

N2 is the last line number to be listed. 
No default allowed. 


where: 


6 








To list from a certain line to the end of a program: Use the com- 
mand fom 


man 


orm: 
line 


a) ee 


ae 


where: 


N1 is the first line to be listed. 
No default allowed. 


99 is the number of the last line in 8K program 
memory. 199 is the number of the last line in 
16K program memory. The listing will pro- 
ceed to the next END statement and stop there, 
or, failing such a statement, to the first blank 
line, or failing that, to the last line--i. é., 
line 99 or 199. 


To punch a program on paper tape: There are two ways to punch a 
_ program on paper tape: Method I leaves the initial editing command 


(i.e. 


, REPLACE) off the tape, so that to re-enter the tape, the com- 


mand must be given separately, as described later under "Entering 
a program punched according to Method 1."" Method 2 puts the edit- 
ing command on the tape. 


Method 1 (No REPLACE command on tape) 


1. 
2. 


7. 


Set Teleprinter switch to LINE. 


Turn off Teleprinter punch (switch on box at middle of left side 
of Teleprinter). 


Enter the LIST command for the type of listing desired (see 
above) but do not press ENTER. 


Turn on the Teleprinter punch. 


Press the HERE IS key on the Teleprinter about three times to 
generate adequate tape leader. 


Now press the ENTER key. The LIST command will be executed 
and simultaneously punch the program or portion of program on 
the paper tape. 


Press the HERE IS key to generate tape trailer. 


Method 2 (REPLACE command is on tape) 


Set the Teleprinter switch to LOCAL. 


Turn on the Teleprinter punch (switch on box at middle of left 
side of Teleprinter). 


Press the HERE IS key on the Teleprinter about three times to 
generate adequate tape leader. 


Type the following command on the Teleprinter. 
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List 
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List 


10. 


11. 
12. 


13, 


14. 


OO ® © & 


where: 
N1 is the line number at which you want to re-enter 
the program; this will normally be line 0. 

Turn off the Teleprinter punch, 

Set Teleprinter to LINE. 


Give the equivalent LIST command on the Fourier Analyzer 
Keyboard for that given in step 4 above, but do not press ENTER. 


Turn on Teleprinter punch. 
Press ENTER. 


When the program has been punched out, turn off the Teleprinter 
punch, 


Set the Teleprinter switch to LOCAL, 


Turn the Teleprinter punch back on. (This repeated turning on 
and off of the punch is to prevent the intermediate actions, such 
as setting the Teleprinter switch to LOCAL from punching the 
tape. ) 


Type the following on the Teleprinter: 


O@®® 


Generate adequate leader by pressing the HERE IS key three 
times. 


To re-enter a program punched via Method 1, use the following 
procedure: 


1; 


Set Teleprinter tape reader to OFF (switch is at left front of 
Teleprinter. ) 


Place paper tape in reader, lowering plastic cover in place. 


Give the appropriate REPLACE command on the Fourier Analy - 
zer Keyboard to enter the program into program memory. 


Line 
. 


where: 


N1 is the starting line at which the program is to be entered, 
Remember if you are entering this program immediately behind 


ee en ere ee ENR eo rteiaes ~snebtne ent. _4 ree 
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another program, then line N1 must be the last line of the other 
=. % Program, and you must immediately re-enter that line after 

giving the REPLACE command. 

Turn on Teleprinter reader, The tape should now read in. 


When the tape stops, press the TERM key on the Fourier Analy - 
zer Keyboard. 


To re-enter a program punched via Method 2, use the following 
procedure: 


1. Set Teleprinter tape reader to OFF (switch at left front of 
Teleprinter), 


2. Place paper tape in reader, lowering plastic cover in place, 


3. Turn on Teleprinter reader. The tape should now read in, and 
stop when completed. The Keyboard should automatically go to 
READY state. 


LIST Example 1: It is desired to list all steps in a program starting 


at line 10 (8K memory). The command is: 


. FOO 
Oe 


LIST Example 2: It is desired to list lines 10 through 13 of a pro- 
gram. The command is: 


le] (J C2) fs] 
tC ] Le) (9) 


Interrogate 


Interrogate 


° 


8 This command is used to determine where the pointer is at any given 
time. The pointer follows down the list of steps in a program as 
they are executed. The interrogate command can be used, for ex- 
ample, after a WHAT? Signal, in order to determine which line 
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Terminate, 


Jump 


produced that signal and caused the program to stop. The command 


form is simply: 


The Analyzer then prints out on the Teleprinter the pointer location 


an also the protected range, if any, in the following format: 


| PT N1 
PR N2 


where: 
N1 is the pointer location, i.e., line number. 


N2 is the first protected line, that line through 
line 99 (or line 199 in the case of 16K machines) 
being the protected range. 


TERM 


This command is used to indicate to the Analyzer the end of a re- 
place or insert editing function, and also to indicate the end of a 
Keyboard data entry. It returns the Keyboard to the READY mode. 


The command is: 


When a program reaches this command, it immediately goes to a 
label specified by N, and proceeds from that point. This command 
can also be used to start a program running, simply by specifying 
the label (N) at the beginning of the program. The command form is: 


where: 


N is a label integer, 0 through 9. No default 
allowed. 
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Letters can be substituted for integers by entering the entire com- 
mand from the Teleprinter keyboard. To do this, set the Teleprinter 
switch to LINE, then enter the command in the following form: 


OO © @ @ 


N is a letter. See LABEL command for instruc- 
tions on entering a letter as a label. 


where: 


The JUMP command must be executed as part of a program or to 
start a program running. It has no meaning as an isolated command. 


Example. If, at a certain point ina program, we wished to go back 
to Label 2, and have the program proceed from there, the command 


would be: 
[2 


This command labels a line in the program irrespective of the line 
number. The line can then be gotten to via the JUMP, SUB-JUMP, 
and COUNT commands. The form of the command is: 


LABEL [ «| ENTEA 


where: 


N is an integer, 0 through 9. No default allowed. Label 


Letters can be substituted for integers by entering the entire LABEL 
command from the Teleprinter keyboard. To do this, set the Tele- 
printer switch to LINE, then enter the command in the followingform: 


OOS & 


where: 


N is a letter. See JUMP command for instruc- 
tions on jumping to a letter label. 
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The LABEL command must be éxecuted as part of a program. It has 
no meaning as an isolated command, 


This causes a portion of the program whose starting point is Label 
N, to be repeated N1 times. In other words, this command is used 
to form a loop. The command form is: 


| 
. from 
COUNT SPACE Label SPACE ENTER 
N 


where: 
N is the label of the starting point (must be 0 
through 9, or a letter). No default allowed. 


N1 is the number of times the portion of the 
program is to be repeated. Nl must be an 
integer from 0 through 32,767. No default 
allowed. 


LABEL N 


This portion of the 


program is done N1 


times. 





COUNT N SPACE N1 ENTER 


When a program which includes a COUNT command is listed on the { 
Teleprinter, the COUNT line will have the following form: 


#N N1 N2 


where: 
N is the label (an integer o through 9, or a 
letter). 


N1 is the number of times the portion of the 
program is to be repeated. 


Count 


N2 is the number of times the loop had been 
repeated at the time the LIST command was 
given. In most cases this will be 0, i.e., one 
does not normally stop a program during exe- 
cution to ask for a listing. But if this were ; 
done, then N2 would state the number of loops 
that had been completed at the time the LIST 
command was given. 





wae ll! 


Note: the COUNT does not automatically re- 
< _ set to 0 after being stopped by a listing, as 





above. To reset the count to 0, re-enter the 
command (using a REPLACE command first), 
then start the program again from the top. 


The COUNT command must be executed as part of a program. It 
has no meaning as an isolated command, 


Example. If the user wanted to repeat the steps of a program 100 
times, the following would be placed at the bottom of the list of steps, 
immediately prior to the END command: 


i 
[> | 
[> | [| 


SUB 
JUMP 


This command allows a short sequence of steps (i.e., a sub-routine) 
to be executed from any point ina program. The sub-routine must 
have a label N to identify its beginning, and a SUB-RETURN com- 
mand to identify its conclusion. When a program reaches a SUB- 
JUMP command, it goes from that line to the first line in the 
sub-routine, executes all the Sub-routine steps, then returns to the 
line following the one from which it entered the sub-routine. The 
following diagram illustrates this: 





PROGRAM 
STEPS 


SUB-JUMP NW 
_p» LABEL N 


NEXT LINE 
SUB-— 
ROUTINE 


SUB-~JUMP N ~-~--—--—~- a SUB-RETURN 
NEXT LINE ~~ ------~ 2. LLL Le =i] 






Sub-jump 


FURTHER 
PROGRAM 
STEPS 
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Sub-return, 
End, 


Block size 





The command form is: 


SUB Labet 


where: 
N is the label number of the beginning of the 
sub-routine. The sub-routine will only be run 
through once. 


The SUB-JUMP command must be executed as part of a program. 
It has no meaning aS an isolated command. 


SUB 
RTRN 


This command must be placed at the conclusion of any sub-routine 
in order to return the program control to where it entered the sub- 
routine, i.e., the step immediately following SUB-JUMP. A dia- 
gram of the sub-routine format can be found under "SUB-JUMP." 
The form of the SUB-RETURN command is simply: 


SUB 
ES [en] 


This is used to indicate the conclusion of a program, This command 
should always be used in case there are residual steps from earlier 
programs still in memory following the new program. The command 


form is: 


The END command must be executed as part of a program. It has no 
meaning as an isolated command. 


BLOCK 
SIZE 


This establishes the number of channels in each data block. Permis- 
sible block sizes are shown above the indicator lights on the top of 
the Control Unit Keyboard. An Analyzer with an 8K program can 
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have block sizes from 128 to 1024; with a 16K program, from 64 to 
4096. If a block size that is not allowed is commanded, the Analyzer 
will give a WHAT? signal. The command form is: 


BLOCK 


where: | 
N1 is the number of channels, as 64, 128, 256, 
etc. 


The command sets the pointer to any line number (not label number) 
in the program. Then, when the CONTINUE key is pressed, the pro- 
gram will restart at that line number. The purpose of this is to re- 
start the program at any point not specified bya label. Line numbers 
are obtained on a printout of the program via the LIST command. The 


command form is: 
| rome | ENTER 
NI 


NI is the line number at which the program is 
to restart. Default value = line 0, in which 
case the program restarts at the beginning of 
the program memory. 


where: 


Note that the CONTINUE key must be pressed before this command 
will be executed. 


Protect 
Pointer, 


This command is used to prevent a step or a range of steps from Protect 


being edited or deleted, for example, by a user who was not aware 
that a previous user wished to preserve a portion of a program. 
The command form is: ; 


from 
PROT Line ENTER 
NI 


where: 


Ntis the number of the first line to be protec- 
ted. Default value = line 0, or in other words, 
the beginning of the program memory. 
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To unprotect the memory, use the command: 


PROT ENTER 


N1 is 99 for 8K machines, 199 for 16K. That 
is, one "protects" beyond the last line only, 
unprotecting the rest of the program memory. | 


CON 


When a program is running, pressing the STOP key will cause the 
program to stop after it completes the present program line. The 
STOP command executes automatically: no ENTER keystroke is 
needed. It differs from the RESTART command in that it always 
permits the operation to be completed. RESTART interrupts in the 
middle of an operation, and thus leaves meaningless data in memory. 
Neither STOP nor RESTART, however, have any effect on the Four- 
ier Master Program, that is, they do not turn off the Analyzer. © 


where: 


Pressing the CONTINUE key (no ENTER keystroke required) causes 
the program to resume from the line at which the pointer is set. 
(Not the following line, but that line. ) 


To find out which line the pointer is set at, use the interrogate | 


command: 


The STOP and CONTINUE keys operate inconjunction with the STEP- 
RUN switch on the Keyboard. When in the STEP position, the pro- 
gram proceeds one step at a time; when in RUN, it automatically 


Stop. 

proceeds through to the end. 
Continue, 

STEP-RUN Switch 
Step-Run 


In the STEP position, this switch causes the program to proceed one 

step ata time. The step is completed, the appropriate display of 

results is given, and then the program stops. To make the program 

continue, the CONTINUE key must be pressed. The next step is then 

performed, results are displayed, and the program again stops. 

Thus, the STEP position is useful in debugging a program. In the 

RUN position, the switch causes the program to continue through all © 
its steps automatically. 





Ss 


SECTION VIII 
SAMPLE PROGRAMS 


ABOUT THIS SECTION 


This section provides a number of typical sample programs, plus a 
discussion of the considerations that went into the development of 
each, A Teleprinter listing of each program is also included. Be- 
cause of the length of some of the programs, the illustrated key for- 
mat will no longer be used: key names will simply be spelled out in 
capitals, 


For details on how programs are entered into the Fourier Analyzer, 
see Section II], beginning page 3-26. 


SPECTRUM AVERAGING PROGRAMS 


The following remarks apply to the first four sample programs: 
These are the auto spectrum summation average program, cross 
power spectrum summation average, auto spectrum stable average, 
and auto spectrum exponentially decaying average. All these pro- 
grams consist of power spectrums (or linear spectrums) averaged in 
different ways. We shall begin with some remarks on the power 
spectrum, 


Power Spectrum 


To compute a power spectrum of a random process, it is necessary 
to generate a positive quantity which can be averaged. The resulting 
average will then be a measure of the energy in each frequency of 
the spectrum band. 


The typical random process yields a Fourier transform which will 
have positive and negative real, and positive and negative imaginary 
values, randomly distributed across the spectrum. Thus if the 
transform is averaged without a time synchronization, the results 
will average out to zero. To obtain the required positive quantities, 
therefore, the Fourier transform must be conjugate multiplied, 
yielding a positive quantity at each frequency which is the energy at 
that frequency. If we sum a number of such spectrums, and then 
divide each frequency channel by that number, we achieve the desired 
average, 


If the function is a Gaussian process then the real and imaginary 
components of the Fourier transform are a Gaussian random quan- 
tity, each frequency component having a value expressed by a + ib, 
where a is the value of the real component and b the value of the 
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Power spectrum 
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Linear spectrum 





imaginary. When we square this expression by conjugate multipli- 
cation, we arrive at an expression of the form a2 + b2, whose sta- 
tistics are Chi-squared with a degree of freedom for each squared 
term, or in other words, with two degrees of freedom. Thus each 
time record yields one estimate of a power spectrum with two de- 
grees of freedom. For the first estimate, the variance on the expec - 
ted value of each spectral line is equal to the mean value, which is 
avery large statistical variation. However, the variation decreases 
as the number of estimates increases, That is: 


o=- | x 100 | 
K | 


where: 
@ is one standard deviation in percent. 


K is the number of estimates. 


The same programming strategy is employed for all four spectrum 
averaging programs. This strategy consists in reading data into 
block 0, forming the power spectrum there, and reserving block 1 
to store the accumulating sums of the estimates. Then the contents 
of block 1, which are 0 the first time, are added to block 0. Thus 
the current record is always added to the sum of the past records, 
The result is stored back into block 1, and a new record obtained 
in block 0, The current record is worked on in block 0 because in 
all arithmetic operations involving two blocks, one of them must be 
block 0. 


A feature of the analog input command is that it permits the user to 
take in data in one block (or two in the case of dual channel input) and 
display a different block. In the case of Spectrum averaging pro- 
grams, this permits the user to observe the sum accumulating in 
the storage block, which is of more interest than observing the in- 
put block, since this would merely show each record of a random 
process. 


When running the summation average programs, the user will ob- 
serve the sums accumulating in the storage block. If the program is 
stopped in mid-run, a calibrated average up to that point cannot be 
read, since the division takes place at the end. However, the user 
can compute the calibrated average by first listing the COUNT line 
of the program which will also give the number of sums up to that 
point. Then the block can be manually divided by that number to 
give a calibrated average. 


The stable and the decaying average programs provide a calibrated 
average at every repetition, and thus no additional operations are 
required when the program is stopped in mid-run. 


Linear Spectrum 


To accumulate a linear spectrum rather than a power spectrum, one 
uses a polar coordinate command in place of the conjugate multiply 
command. The result will be the magnitude values in the first half 





of the data block, and the phase in the last half. The magnitudes 
then sum as repeated spectral estimates are taken and stored, The 
phase values will randomly sum and so must be disregarded. 


There are some advantages and disadvantages to a linear spectrum. 
The major disadvantage of a linear spectrum (as opposed to a power 
spectrum) is that it takes longer to form. This is because the polar 
coordinate operation takes longer than conjugate multiplication, as 
a matter of fact, about 15% longer. The advantage is in increased 
dynamic range. The computer uses 16-bit data words (15-bits plus 
sign) thus providing a range of 0 to 65,534 numbers (-32, 767 to + 
32,767). 65,534 is about 4.8 decades. If we compute the linear 
spectrum, we have 20 dB/decade times 4. 8 or 96 dB dynamic range. 
With the power spectrum we have 10 dB/decade times 4.8 or only 
48 dB dynamic range. Thus the linear spectrum has less speed but 
greater dynamic range than the power spectrum. 


Summation Average 


The summation average is the simplest and fastest average, because 
it consists solely of summations, followed by a division at the end. 





where: 
A, = the average after n estimates 


I. = the jth estimate 


n =the number of estimates 


However, as mentioned above, it has the disadvantage of not being 
calibrated at all times. Also, the display changes very rapidly as 
the summation grows, The stable average on the other hand, is al- 
ways calibrated, and the display does not change so rapidly. But it 
is also slower than the summation average. 


Spectrum Stable Average 


The spectrum stable average is computed from the following algorithm: 


Tn Ag 4 
A =A + . 
n n-1 n Summation 
where: average 
AL = the average after n estimates 
) A.-1 = the average after n-1 estimates 
T = the nth estimate 


n = the number of estimates 
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Although the sample programs which employ this algorithm are for 
spectrum averaging, the algorithm can be applied to any averaging 
process, for example time averaging. The algorithm is derived as 
follows. The previous, i.e., n-1 average, A,-j is: 


n-1 

> L 

r) 1 
Aaa = “Saar 


| 


Then, multiplying: 


| n-1 2 
(Ay_4)(n-1) = a I 


oO 


If we now add the nth estimate, I,, to both sides, we get: 


n-1 


(A, _1)(n-1) +1, = 2 Led 


Dividing both sides by n: 


n-1 
I. +] 
(A, p(a-D +1, ; d, iv *n 


Nn nN 


But the right hand side is A W the average after n estimates. And, 
rewriting the left hand side, we get: 


(A, pA Ant . 


— ah A - A 
fi n n on 
Further rewriting: 


A_zA + 
n n-1l n 


The program can thus be stopped at any time, and the average in 
block 1 will always be calibrated. The price of this convenience is 
the additional computer time required to do the subtracting, division 
and addition after each estimate, 





xp. decaying 


verage Exponentially Decaying Average 


In a stable average, all ensemble estimates contribute equally to the ©) 
final average. This is satisfactory if the signal as a whole is not 
changing with time, But if it is changing compared to one sample 
record, we may want to see what the average is over a short period; 





in other words we may want to look at an average that approaches the 
final value exponentially as (1 - e-m/k), That is: 


A= Ap (- eWky 


where: 
A, = the average after n estimates 


A, = the final average 
n =the number of estimates 


k =the weighting factor 


It is clear that A, is a close approximation to Ay only as n grows 
large compared to k, 


The derivation of the above equation from the running average algor- 
ithm is as follows: 





I -A 
A =A ape ee n-1 
n n-l n 
Therefore 
I_-A I 
_ 1 0  {k-1 1 
Age: oe -(%4) a+ 7 
And 


I 2 I 
k-1 2 _ fx-1 k-1 2 
A, = ees A, + = (34) Ay + ee 1, + k 


But Ao» the average after 0 estimates, is 0, Therefore, by induction, 


| 


n k-1 n-i 
E [A, | ae a, (2) 
i=1 
where: 
E means ''the mean value of..." 


I, = the ith estimate 


ta 
Coc 
> 
on 
| rr | 
Hl 
~*~ | et 
Me 
e3) 
pate 
a 
| ae 
my) 
-_y 
ee” 
bam 
1 
_ 
— 


Exp. decaying 


average 





Exp. decaying 


average 





But since 





n-1 ; n 
> ar! = a é 7 J 
SS r-l 


-4\-1 
and letting a=1, r - (4) = cy ‘ 
A i k aime k 
> («) _ \k-i k-i 
eu Ye mi: 





For k very large, 
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For sufficiently large n, E[A Japproaches A_, E[I,] approaches Ay. 
~ Thus: 


A= A, (1 4 ok) 


The exponentially decaying average like the stable averago will always 
produce a calibrated result if the program is stopped in mid-run. 


The effective number of averages contained in the ensemble is k. 
Thus, each spectrum in an exponentially decaying average has! 2k 
degrees of freedom. 


@ 


Exp. decaying 


average | 





Auto spectrum 


sum. avg. 


AUTO SPECTRUM SUMMATION AVERAGE PROGRAM 
PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS } OF BLOCK 0 | OF BLOCK 1 COMMAND 
LABEL 0 
ENTER 
CLEAR 1 Cleared 
ENTER 


LABEL 1 Sum of past {| Establishes target 
ENTER. 


power spec- | point for ensemble 
trums G, (0. average 

ANALOG IN 

0 


SPACE 1 
ENTER 


F ENTER 


MULT* 
ENTER! 
+1 ENTER 
STORE 1 
ENTER 


COUNT 1 
SPACE N1 
ENTER 





Establishes initial 
label point 















Initializes block 1 
(removes old data) 






0 first time, 







Reads current rec- 
ord into block 0, 
displays block 1, 
where sums are 
accumulating 


Current time 
record. 

























Fourier transforms 
block 0 


Fourier 
transform of 
current 

record 








Forms G__(f) of 
XX 









current current record 


record 













Forms sum of cur- 
rent plus past 
Gxx(f)'s in block 0 


Sum of cur- 
rent plus past 














Stores sum of cur- 
rent plus past 
G,,(f)'s in block 1 


for next pass 








Sum of cur- 
rent plus past 


G, (6) 's 












Loop back to target 
label 1 N1 times, for 
N1 sums 






IReplace this command with POLAR ENTER if you want to accu- 
mulate voltage rather than power spectrums, 














a) ove hs es ec) 


emat  w 





dh 


& 


AUTO SPECTRUM SUMMATION AVERAGE PROGRAM (Cont'd) 


+0 SPACE 


Forms average of 
N1 ENTER 


rent plus past |N1 Gf sums 


END ENTER | Average of Ends program 
N1 G, (6) 


sums 


LISTING OF AUTO SPECTRUM 
@ SUMMATION AVERAGE PROGRAM 


(N = 100) 











Auto spectrum 


sum, avg. 


Cross spectrum 


sum avg. 





CROSS SPECTRUM SUMMATION AVERAGE PROGRAM 
PROGRAM |} CONTENTS | CONTENTS | CONTENTS [PURPOSE OF 
COMMANDS] OF BLOCK 0|OF BLOCK 1] OF BLOCK 2} COMMAND 
LABEL 0 Establishes 
ENTER initial label 
point 
CLEAR 2 Cleared 
ENTER 


LABEL 1 
ENTER 























Initializes 
block 2 (re- 
moves old 

data) 















Establishes 
target point 
‘for cross 
power 
spectrum 
Gyx(f) sums 


ANALOG /jCurrent time| Currenttime|Sum of past | Data input 
IN 0 record from | record from |G,,(f)'s. 0 ; 
SPACE 1 |channel A channel B first time. 





SPACE 
2 ENTER 






Fourier Fourier Obtain 
transform of | transform of Fourier 
channel A channel B transform 
time record | time record of data 






F 0 SPACE 


1 ENTER 
and channel 


MU LT* 
1 ENTER 
B records 
+ 2 ENTER| Sum of Rade cue 
: current plus rent Gyx(f)'s 
past Gyx(f)'s to sum of 
past Gyx(f)'s 
STORE 2 Stores re- 
ENTER 

















Obtain 
cross power 
spectrum 


Gyx (f) of 


channel A 















sult of cur- 
rent pass 
for next 
pass 












Loop back 
to target 

label 1 NI 
times for 
N1 sums 










i 
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CROSS SPECTRUM SUMMATION AVERAGE PROGRAM (Cont'd) 


Fourier 
transform 
of channel B } first time. 


time record 


Ends pro- 
gram 





LISTING FOR CROSS SPECTRUM 
SUMMATION AVERAGE PROGRAM 


(N1 = 50) 


wn 
@senn-S8S =& 


Cross spectrum 





sum avg. 





AUTO SPECTRUM STABLE AVERAGE PROGRAM 
PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS | OF BLOCK 0 | OF BLOCK 1 COMMAND 
LABEL 0 Establishes 
ENTER initial label point 


CLEAR 1 Cleared Initializes block 
ENTER t (removes old 
data) 


LABEL 1 
ENTER 


ANALOG IN| Currenttime ' Reads current 

0 record record into block 0, 

SPACE 1 displays block 1, 

ENTER where average is 
accumulating 


F ENTER Fourier Fourier transforms 

transform of block 0 
_ current 

record 

MULT* Gyx(f) of Forms Gxx(f) of 

ENTER! current current record 
record 

-1 F Difference Subtract average 

ENTER between cur- of past Gxx(f)'s 
rent Gxx(f) {in block 1) from 
and average current Gyx(f) in 
of past block 0 - 
Gyy(f)'s 

+ OSPACE!} Result of Divides the vari- 

0 ENTER dividing ance between cur- 
above differ - rent G,,(f) and past 
ence by no. G,,(f)'s by the loop 
of Gxx(f)'s counter, i.e., no. 
averaged so of Gyx(f}'s aver- 
far aged so far 


IReplace this command with POLAR ENTER if you want to ac- ¢. 
cumulate the average of voltage rather than power spectrums. 


True average | Establishes target 
of past power | point for stable 
spectrums average 

Gyx(f)'s. 0 

first time. 


Auto spectrum 


stab. avg. 
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AUTO SPECTRUM STABLE AVERAGE PROGRAM (Cont'd) 


PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS | OF BLOCK 0 | OF BLOCK 1 COMMAND 


+1 ENTER ‘Sum of above j True average | Adds division re- 
division result | of past power } sult to average of 
: and average of | spectrums past Gy,(f)'s to 
past G,,(f)'s |G,,(f)'s. 0 |obtain new average 
first time. 
STORE 1 Sum of above | same as Stores result of 
ENTER division result | block 0 (i. e., | current pass for 
and average of | new average) | next pass 
past Gyx(f)'s : 
(i.e., new 
average) 


COUNT 1 Loop back to label 
SPACE 1 N1 times, for N1 
N1 ENTER averages 


4 Ends program 





LISTING OF AUTO SPECTRUM 
STABLE AVERAGE PROGRAM 


(N = 100) 


Auto spectrum 






stab. avg. 


yas 
car PL kn ee eae es 
a ive at SR 


8-14 


uto spectrum 


cp. avg. 


AUTO SPECTRUM EXPONENTIALLY 
DECAYING AVERAGE PROGRAM 






































CONTENTS 
OF BLOCK 1 


Cleared | 
| 


True average 
of past power 
spectrums 
Gyx(f)'s. 0 
first time. 


PROGRAM CONTENTS 
COMMANDS | OF BLOCK 0 


LABEL 0 
ENTER 
CLEAR 1 
ENTER 


PURPOSE OF 
COMMAND 








Establishes initial 
label point 









Initializes block 1 
(removes old data) 








Establishes target 
point for ensemble 
average 






LABEL 1 
ENTER 


ANALOG IN 
0 

SPACE 1 
ENTER 


F ENTER 
MULT* 
ENTER! 


-l ENTER 


+ 0 SPACE 
K ENTER 





Reads current 
record into block 0, 
displays block 1, 
where average is 
accumulating 


Current time 
record 
























Fourier transforms 
block 0 


Fourier 
transform of 
current 

record 


Forms Gyxx(f) of 
current record 





Gxx(f) of 
current 
record 








Subtract average 

of past Gxx(f}'s (in 
block 1) from cur- 
rent Gxx(f) in block 
0 


Difference 
between cur- 
rent Gxx(f) 
and average 
of past 
Gxx(f)'s 



































Divides the vari- 
ance between cur- 
rent Gxx(f) and 
past Gxyx(f)'s by 
time constant, K 


Result of 
dividing 
above differ - 
ence by time 
constant, K 













IReplace this command with POLAR ENTER if you wish to 
average voltage rather than power spectrums. 
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AUTO SPECTRUM EXPONENTIALLY 
= DECAYING AVERAGE PROGRAM (Cont'd) 


PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS | OF BLOCK 0 | OF BLOCK 1 COMMAND 


+1 ENTER sum of above | True average| Adds division re- 
division result | of past power] sult to average of 
and average spectrums past Gxx(f)'s to 

of past Gxx(f)'s. 0 | obtain new average 
Gxx(f)'s first time. 






















































STORE 1 
ENTER 


Stores result of 
current pass for 
next pass 


Sum of above 
division resuit 
and average 
of past Gxx 
(f)'s (i.e., 
new average) 


same as 
block 0 (i.e., 
new average) 






















Loop back to Label 
1. Note: program 
keeps running until 
STOP key is 

pressed 













Ends 
program 





LISTING OF SPECTRUM 
EXPONENTIALLY DECAYING AVERAGE PROGRAM 


(K = 20) 


Auto spectrum 






exp. avg. 
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Time avg. 





TIME ENSEMBLE AVERAGE 


If a signal is buried in noise, and a time synchronization is available 
so the user knows the periodicity of the signal, the time averaging 
program is an efficient, very fast means of recovering the desired 
signal either in the time or spectrum domain. This is because the 
Fourier transform and subsequent conjugate multiply (or conversion 
to polar coordinates in the case of a linear spectrum) is only done 
once, namely after the time average is completed. During the time 
average the signal always has the same value in each ensemble, but 
the noise having random plus and minus values will average out. 


TIME ENSEMBLE AVERAGE PROGRAM 


Note: A time synchronization is required for this program, 


PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS | OF BLOCK 0 COMMAND 


LABEL 0 Establishes 

ENTER initial label 
point 

CLEAR 1 Initializes 

ENTER block 1 (re- 
moves old 
data) 

LABEL 1 Past sum. 0 Establishes 

ENTER first time. target point 
for summation 


ANALOG INO |] Current time Reads current 

SPACE 1 record record into 

ENTER block 0, dis- 
plays block 1, 
where sums 
are accum- 
ulating 


+1 ENTER Sum of cur- Forms sum of 
rent record current record 
plus past sums plus past sum 
in block 0 
STORE 1 Sum of cur- Stores new 
ENTER rent record sum in block 
plus past sum 1 for next 
pass 








TIME ENSEMBLE AVERAGE PROGRAM (Cont'd) 


PROGRAM CONTENTS CONTENTS | PURPOSE OF 
COMMANDS OF BLOCK 0 OF BLOCK 1 COMMAND 


COUNT 1 New sum New sum Loop back to 
SPACE target label 1 
N1 ENTER N1 times for 
N1 sums 



























+ O SPACE 
N1 ENTER 


Forms aver- 
age of Nl sums 


Average of 
N1 sums 







END ENTER 









Ends program 


LISTING OF TIME ENSEMBLE AVERAGE PROGRAM 
(N1 = 50) 
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Time avg. 
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Normalized 


histogram 





NORMALIZING A HISTOGRAM TO UNIT AREA 


In the program to normalize a histogram to unity, we see how the 
imaginative use of the keys can create very flexible operations. The 
program runs as follows: The histogram is first integrated so that 
the total number of counts, n, will be in the last channel. Then the 
entire block is shifted so that the last channel is in the first channel 
and the remainder of the block is then cleared out. Then the entire 
block is again integrated, resulting ina function which is flat all the 
way across the block. Thus we have the number n in all channels of 
the block. We then divide the original histogram which has remained 
in another block, by this block, which means that the number of 
counts in each channel, nj, are divided by n: 


Nn, N 


; ; 7 if ne 
Normalized histogram = Ss Sete pe n. 


This technique of integrating, shifting and clearing can be used to 
normalize a spectrum or any other function to the unity value for its 
integral. 


NORMALIZING A HISTOGRAM TO UNIT AREA 
(Probability Density Function) 


Note: This program assumes histogram is already in block 0. 





















PURPOSE OF 
COMMAND 


PROGRAM CONTENTS CONTENTS 
COMMANDS | OF BLOCK 0 OF BLOCK 1 


STORE 1 Histogram Histogram Stores histogram 
ENTER in block 1 


f 1 ENTER Integral of 
histogram 


<1 SPACE Integral of 
N-1 ENTER, histogram with 
where N is last channel 
the block size now in first 
channel 





















To obtain, in 
last channel of 
block 1, the 
value for the 
total no. of 
counts in the 
histogram 





































Total no. of 
counts in chan- 
nel 0, rest of 
block cleared 


CL 1 SPACE 1 
SPACE N-1 
ENTER 


Prepare to 
divide histogram 
by total no, of 
counts 












q) 
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NORMALIZING A HISTOGRAM TO UNIT AREA (Cont'd) 


PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS OF BLOCK 0 | OF BLOCK 1 COMMAND 


f 1 ENTER Histogram Total no. of 
counts is in 
+ 1ENTER Normalized 


all channels 
histogram 
END ENTER 

















Prepare to 

divide histo- 
gram by total 
no, of counts 















Obtain normal- 
ized histogram 
in block 0 


Total no. of 
counts is in 
all channels 




























Total no. of 
counts is in 
ali channels 






Normalized Ends program 


histogram 






LISTING OF NORMALIZING HISTOGRAM PROGRAM 
(Block size = 512) 





Normalized 


histogram 
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AUTO AND CROSS CORRELATION 


The auto and cross correlation sample subroutine provides for the 
elimination of wrap-around error. This error is discussed under 
the correlation command, beginning page 5-22. 


The subroutine is designed as follows: For across correlation, the 
data is read into block 0 and block 1. For an auto correlation, the 
single set of data is read into block 0, then stored in block 1. By 
the nature of the STORE command the initial set of data remains 
also in block 0. 


As the first step in prevention of wrap-around error, the first and 
last quarters of block 1 are cleared out. Then block 0 and block 1 
are cross-correlated, providing a cross correlation if the blocks 
are different, and an auto correlation if the blocks are the same. 
The result if displayed would be set up as follows: 


WRAP-AROUND 
ERROR 





It can be seen that there is still wrap-around error in the middle of 
the block from +N/4 to 3N/4 (N is the block size), and so as the final 
step in the subroutine, we clear these channels. Now the correlation 
is valid for 0 to + T/4. The user can set the ORIGIN switch to 
CENTER in order to review the results more conveniently. 


To achieve a higher degree of certainty, a number of correlations 
can be averaged via one of the averaging algorithms mentioned under 
the discussion of the spectrum averaging programs, The greater 
certainty appears because the averaging affectively makes the length 
of the integral in the function greater than T. 


AuTO! AND CROSS-CORRELATION SUBROUTINE 


(Eliminates wrap-around error; for discussion of this error, 


see page 5-22.) 
PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS OF BLOCK 0 OF BLOCK 1 COMMAND 


LABEL L Establishes 
ENTER initial label 
point 


ANALOG IN 0 Current tire Current time 
SPACE 1 SPACE} record from record from 
channel A channel B 













Input data 






























CLEAR 1 Current time | Clear first 1/4 


SPACE record from block of time 
0 SPACE N/4 channel B with | record from 
ENTER first 1/4 block] channel B 
(where N = cleared 


block size) 











































CLEAR 1 Current time | Clear last 1/4 
SPACE 3/4(N) record from block of time 
SPACE N channel Bwith | record from 
first and last channel B 
1/4's of block 
cleared 
CORR 1 ENTER} Auto or cross | Current time | Obtain corre- 
correlation record from lation function 
channel Bwith 
first and last 
1/4's of block 
cleared 
1 


For auto-correlation, substitute the following two commands 
for the analog input step. 


ANALOG IN Current time Input data 
ENTER record from 
STORE 1 Current time Store block 0 in 
ENTER record from block 1 for 
channel A later CORR 
command ; 
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AUTO AND CROSS-CORRELATION SUBROUTINE (Cont'd) 


PROGRAM CONTENTS CONTENTS PURPOSE OF 
COMMANDS | OF BLOCK 0 OF BLOCK 1 COMMAND 


CLEAR 0 Auto or cross ] Current time | Clear wrap- 
SPACE N/4 correlation record from around error 
SPACE with channels | channel B with } from final 
3/4(N) ENTER | N/4 to 3/4(N) | first and last | function 
cleared 1/4's of block | 
cleared 


Note: By placing the ORIGIN switch on CENTER, the display 
will show the + lags to the right of the vertical axis, 
and the - lags to the left. The last quarter block on 
each side was cleared by the above command. 





LISTING OF CROSS CORRELATION SUBROUTINE 


(N = 512) 





orrelation 


2 Ge! 





TRANSFER FUNCTION AND COHERENCE FUNCTION 


Transfer Function 


A sample program is provided to measure the transfer and coherence 
functions between two sets of signals, X or Y1. The ensemble esti- 
mates are summed as in the summation average programs, although 
if the user desires, he can use other averaging techniques. In this 
way the average of the input auto spectrum (Gxyx), the output auto 
spectrum (Gyy), and the cross spectrum (Gyx) are formed. Then 
the transfer function is calculated: 


H(f) = 


ited 


The reason why we average the individual lower spectrums first, 
rather than averaging the entire function is that if a random noise 
process is used for excitation, not all frequencies may be present 
in any one estimate of the spectrum, and hence large computational 
errors may result, causing overflows in the division process. How- 
ever, if we average (sum) the spectrums first, then divide, there is 
little chance of these errors occurring, 


Coherence Function 


The coherence function tells the degree of similarity between input 
and output. Its equation is: 


Va 
Gxy * Gyy 


It is computed by taking summation averages of the cross spectrum 
(Gyx), then forming the square of its magnitude (|Gyx|2). This is 
done by multiplying GYxX by its self complex conjugate, Then |Gyx|2 
is divided by the input auto spectrum average (Gyx)}, then by the 
output auto spectrum average (Gyy). 


Two sources of computational error should be kept in mind when 
computing transfer and coherence functions. Both tend to occur at 
those frequencies where the value of the power spectrum becomes 
very small, for example, at the high end of the filter roll-off curve. 
The first source of errors occurs as follows: As the power spectrum 
values get very small, they are in effect truncated from the right 
because the Computer uses a data word of finite length, i.e. , 16 bits. 
Therefore the numerator or denominator of the transfer or coherence 
function may be reduced to numbers only 4 or 5 bits long. 





1 


Roth, Peter, "Digital Fourier AneIYEIB"s Hewlett-Packard Journal, 
June 1970, pp. 7-8. 
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Transf. & coher. 


functions 
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insf. & coher. 


ictions 





As a result, the accuracy of these numbers is also diminished. Thus 
it can happen that the denominator becomes smaller than the numer- 
ator and produces a divide overflow (as indicated by the WHAT? 
light), or a coherence function greater than 1 (which is not valid), 
or an erroneous and noisy transfer function. Note that these errors 
only occur for low power spectrum values. The second source of 
error also is caused by low power spectrum values, and occurs when 
the randomness in the numerator and the denominator are not the 
same, so that the denominator may go to 0, producing a divide over- 
flow. To remedy these errors, simply clear out, before dividing, 
by using the CLEAR command, the numerator of those channels that 
are causing the error. It is important that only the numerator chan- 
nels be cleared. This in effect puts zeroes in those channels, and 
hence a O in the final function at these frequencies. 


LISTING OF COMBINED TRANSFER AND 
COHERENCE FUNCTION PROGRAM 


(N1 = 10) 


GM =~ 


4 
4 
4 
5 
5 
4 
| 

t 

4 
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REAL TIME (BUFFERED) ADC INPUT 


In the 5450A with the 16K program only, it is possible to inputa 
single channel ADC signal into one block (a buffer block) and simul- 
taneously do an operation on another block. If the length of the oper- 
ation in the other block is less than that of the input, then no data 
will be lost in successive input records, and a real time analysis can 
be performed. 


There are several limitations to the process: (1) We have to give 
up a data block for the buffer; (2) It only can be used for single chan- 
nel ADC input; (3) Fyygx can never be set higher than 5 kHz because 
above this frequence the ADC goes into a different processing mode, 
Because of the length of the processing time, the real time capa- 
bility for power spectrums is limited typically to inputs with maxi- 
mum frequencies between 150 and 300 Hz, 


The buffer block is always the highest numbered block as follows: 


Block Size Input Buffer Data Block 
4096 1 
2048 3 
1024 7 
512 15 
256 31 
128 63 
64 127 
A special form of the analog input command is required for buffered 
input, It is: 
Block 
ANALOG IN Nl SPACE 9 9 8 ENTER 
where: 
N1 is the data block into which the data is to be 
entered. Obviously N1 cannot be the buffer block. 
The user must know the maximum frequency {Fmax) in his input. 
From this he can compute the minimum data record length (T) as 
follows: 
_ 1 
Pmax ~ 2at 
T = NAt 
where: : ‘ 
N is the block size Real time input 


At is the sample interval 


Knowing T, the user can determine the processing time for all but 
the analog input command by writing a program consisting of these 
steps. For example ina power spectrum program, the steps would 
include everything from the label referenced by the COUNT command 
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Real time input 


through the COUNT command itself, excluding the analog-in com - 
mand. (The timing is facilitated by choosing a sufficiently large 
number of COUNT loops to time. An ordinary wrist watch with a 
second handor stop watch is used, then the resulting figure is divided 
by the number of counts. Note: the time required to transfer data 
from the buffer block to the operation block is an additional, though 
small, factor, amounting to 100 psec/point.) If the processing time 
computed above, is less than T, then the user can obtain real time 
processing for his data. If not, he can't, unless he is able to shorten 
the program. | 


Since in this mode both plocke are being processed, there can be no 
simultaneous display. If the user desires a display, he can insert 
one into the program using the special display command 


DISPLAY rae SPACE 0 ENTER 


where: 

N1 is the data block to be displayed. 
This will give one sweep of the display each time and then cause the 
program to continue. But the price is the additional processing 
time which further limits Fmax. Note that the above display com- 
mand is different from the normal display command which causes 


a pause in the program, 


A typical buffered input program for a power spectrum might be as 
follows: 


LABEL 1 ENTER 

CLEAR 1 ENTER 

LABEL 2 ENTER 

ANALOG IN 0 998 ENTER 

F ENTER 

MULT* ENTER 

+1 ENTER 

STORE 1 ENTER 

COUNT 2 SPACE 50 ENTER 


END ENTER 


SECTION IX | 


WRITING ASSEMBLER LANGUAGE PROGRAMS 
FOR THE FOURIER ANALYZER 


ABOUT THIS SECTION 


This section provides information so that the user can write his own 
Assembler language programs for special processing of his data, in 
addition to that available on the Fourier Analyzer Keyboard. Perti- 
nent addresses and data word formats are given so that the user can 
write his own ADC and Display unit drivers. A special command, 
called the Y command is described which permits the user to inter- 
face his own program with the Fourier program. Full details on HP 
Assembler language can be found in the Assembler/BCS Training 
Manual or the Computer Micromanual. 


TWO TYPES OF PROGRAMS 


The user may write two types of Assembler language programs for 
the Fourier Analyzer. The first type is used to process data which 
has been gathered by the Fourier program. In this case the user's 
program is entered after the data has been gathered, and erases 
part or all of the Fourier program. This type of program can be 
used with all three Fourier Analyzers: the 8K and 16K 5450A, and 
the 8K 5452A. The second type of program does not displace the 
Fourier program and will be primarily written for the 16K 5450A, 
because this system has space for 1472 (2,700g) user-entered steps. 
This type of program employs a special command, called the Y com- 
mand (described on page 9-10) which permits the user to automat- 
ically pass control from his Keyboard entered program to his own 
Assembler -language program(s) and then back. In the 8K programs 
there is no room for user Assembler program steps. However, the 
user can put program steps in data memory space, and thus expand 
this capability. Of course, data storage space is then correspond- 
ingly limited. This technique can also be used in the 16K 5450A if 
necessary. 


DATA STORAGE 


Acomplete chart of the 8K and 16K memories is given in Figure 9-1. 
This will provide a handy reference for the following discussion. 


Data in the 8K and 16K memory is stored as 16-bit words in 2's 
complement format. In all systems the first data word is at address 
20008. In the 8K program, the data memory goes to address 17, 7778; 
in the 16K program data goes to 21777g. Data blocks are sequen- 
tially located beginning with data block 0 and running through data 
block (K/N)-1, where K is the size of the data memory in decimal 
and N is the block size in decimal. 
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Figure 9-1. Memory locations pertinent to user-written Assembler 
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17, 777 
17, 700 


TTT 


2000 


622 


457 
447 
441 


440 
437 


429 
424 
423 
422 
421 


language programs (all addresses in octal) 


5450A/5452A 8K MEMORY 


Basic Binary Loader, 64,, words (100,) 


Fourier Program 





3,072, 


Data block == 1 (N = block size) 


Data block 1, etc. 


Data block 0 


Fourier Program 





Y command entry: must contain Ist address in user prog. 


Exit from user program to Fourier program 
Contains address of Ist frequency code word 
SIZE, = block size 


POW, SIZE = 2POW 
MSZ, = negative of SIZE 


Contains address of 1st scale factor word 
N3 in Y command 
N2 in Y command 
Ni in Y command 
Y in Y command 


X in Y command 


——— 


Figure 9-1. Memory locations pertinent to user-written Assembler 


37, 177 


37, 700 
37, 677 


35, 000 


21, 777 


2000 


1630 
1560 


632 


457 
447 
441 


440 
437 


425 
424 
423 
422 — 
421 


language programs (all addresses in octal) 


5450A/5452A 16K MEMORY 
Basic Binary Loader, 64,, words (100,) 


Space for user-written programs 


Fourier Program 


=] 8192 
Data block __10 - i( N = ) 
b e 


N lock siz 


Data block 2 


Data block 1 


Data block 0 


Linkages for user-written programs 


Fourier Program 


Y command entry: must contain Ist address in user prog. 


Exit from user program to Fourier program 
Contains address of ist frequency code word 
SIZE, = block size 


POW, SIZE = 2POW 
MSZ, = negative of SIZE 


Contains address of ist scale factor word 
N3 in Y command 
N2 in Y command 


N1 in Y command 
Y in Y command X in Y command 
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Assembler 


prog. memory 
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Scale factor 


word 


SCALE FACTOR WORD 


With each data block, two Computer words are associated: one con- 
tains the scale factor and coordinate code, the other contains the 
frequency code. The address of the first scale factor word is con- 
tained in address 425g (all three systems). Scale factor words are 
then given in sequence from that address on, corresponding to the 
data block sequence. Thus the scale factor for data block 0 is at the 
address given in address 425g; the scale factor word for data block 1 
is given in the next address, etc. The format of the scale factor 
words is as follows: 


pitno. 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ~«©D 









sign not 
0 = + available 
l=- to user 


0 = Time; 1 = Freq 
0 = Linear; 1 = Log 


0 = Rectangular; 1 = Polar 


The scale factor is the "k" which immediately follows the SF at the 
beginning of any punched tape input or output, It is the floating point 
power, in radix 2, of the corresponding data block. Thus, for ex- 
ample, if the block has a scale factor of 210, then bits 7 and 9 would 
be 1's, and the remainder of bits 6 through 15 would be 0's. The 
scale factor displayed by the Display Unit of course is in radix 10; 
likewise the scale factor entered with a manual (Keyboard) data entry. 
Decimal-to-binary, binary-to-decimal and radix conversion for these 
scale factors is done by the Fourier program. The coordinate code ‘ 
is given in bits 0, 1, and 2 of the scale factor word. Note that these 

bits spell out in binary the coordinate code which we have seen 

throughout this manual: 











Thus, time rectangular linear coordinates are expressed by a co- 
ordinate code of 0, or 0's in bits 0, 1 and 2; frequency rectangular 
linear coordinates are expressed by a coordinate of 4, or a 1 in bit 





2 and O's in bits 0 and 1. Regardless of what shifting of the scale 
factor the user might do, he should be certain he does not in any 
way truncate the 10 bits or improperly modify the coordinate code. 


FREQUENCY CODE WORD 
The frequency code word is a 16-bit word in 2's complement form 
which can have values ranging from 0 through +32, 767. 


bitno. 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 «0 


frre eeae Meelis cal coe. al 


sign 
Q=+ 
1=- 


These frequency codes have been seen at various places throughout 
this manual, for example page . The code has its principal ap- 
plication when data has been taken in by the ADC. In this case, it 
gives the SAMPLE MODE and MULTIPLIER switch settings. The 
user, however, can enter any number from 0 through +32, 767 for 
his own identification purposes when he is inputting data via paper 
tape or via manual Keyboard entry. The frequency code stays with 
the data block throughout all operations on it, and is never modified. 
The address of the first frequency code word is located at address 
447g. Frequency code words are then given in sequence from that 
address, the word for data block 0 being in that address, the word 
for data block 1 being in the next address, etc. 


WRITING ADC DRIVERS 


The user can write his own driver to utilize the ADC. The following 
information will assist him. 


The ADC interface Microcircuit card is located in channel 14. The 
ADC is armed by issuing Set Control, Clear Flag commands to chan- 
nel 14. After the Set Control command is given and after the trigger 
circuit is triggered, the ADC will begin to send data points back to 
the Computer. In the LINE mode the ADC is triggered by the next 
line frequency zero crossing. In the INTERNAL mode it is trig- 
gered by the Achannel input as determined by the SLOPE and LEVEL 
control settings on the ADC panel. In the FREE RUN mode the Set 
Control signal also triggers the ADC so that in this mode a data re- 
sponse comes back within 12 psec of Set Control. In the EXTernal 
mode, the EXTernal trigger starts the process. 


The Set Control command sets the ADC Encode. The Microcircuit 
ecard is bussed so that the device flag from the ADC does.not clear 
the Encode signal through the ADC. This means that once the ADC 
starts sending data, the only way it can be turned off is by a Clear 
Control command. When a Clear Control is received, the ADC does 
a self-calibration and cannot be turned on again in less than 50 psec. 
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Freq. code 
word 


ADC data word 


In the single channel mode, data points enter the Microcircuit card 
register on the ADC at the rate set by the ADC sampling control. In 
the dual channel mode, data points enter the channel in pairs, first 
the A channel point, then the B channel point, then A, ete. The A 
word remains in the register 30 psec + 3, as shown in Figure 9-2. 
The B word enters the register and remains until the next A word. 
Thus, the distance between A words is the sample interval, At, as 
set by the ADC control, but the distance between the A word and the 
B word is a fixed quantity independent of the sampling rate. 


SAMPLE SAMPLE 

CHANNELS A AND B CHANNELS A ANDB 

— At ~ a 

ADC DIGITIZING ADC DIGITIZING ADC DIGITIZING 
lavsec l7usec lSusec At - 43ysec t3ysec— 


CHANNEL A DATA CHANNEL B DATA 
IN ADC OUTPUT IN ADC OUTPUT 
REGISTER REGISTER 


ALL TIMES + 10% 


ADC Data Word 


The ADC data word is a 10-bit word in 2's complement form, the 
first bit being the sign. 


bitno. 15 14 13 12 11 10 9 


sign 
Q=+ a 
1 == Channel B attenuator setting 


code in binary: 
0 =CHECK 


719 = 10 


Channel A attenuator setting code in binary: 
0 =CHECK 


710 = 10 


The attenuator setting code in bits 0 through 5 are transmitted with 
every ADC word, single or dual channel. Consequently before these 
words are stored in the Computer memory, bits 0 through 5 must be 
removed so that an erroneous value will not result. 


The ADC is adjusted so that 0 volts is on the edge between 0 and -1; 
that is, 0 volts has equal likelihood of producing all bits equal 0 or 
all bits equal 1 in the ADC word. A plus full-scale-overload is in- 
dicated by a 0 sign bit and all 1's in the data; a negative full scale 
overload is indicated by a 1 sign bit and all 0's. 


| 
WRITING DISPLAY UNIT DRIVERS 


The user can also write his own Display Unit Drivers. The following 
information will be of assistance. 


The Display Unit is interfaced through the Microcircuit card in chan- 
nel 15. To output a word to the Microcircuit card from the Com- 
puter, the Set Control, Clear Flag commands are given. Then 25 
sec are required to process the word and return the device flag, 
after which the Display Unit is ready for the next word. 


Display Unit Word - From Computer 


Display Unit words coming from the Computer have the format shown 
on next page. The first data word is identified byalin bit 0. Thefirst 
and second words contain scale factor information. The scale fac- 
tor digits displayed on the Nixie tubes are defined in BCD: the most 
Significant bits are in word 1, the remaining in word 2. The third 
word is then the first X point and the fourth is the first Y point; X's 
and Y's are then sent alternatively until the end of the data block. 
Each data word to the Computer is an 11-bit word in 2's complement 
form, left adjusted. The first bit is the sign; 00 is located in the 
center of the screen. When the ORIGIN switch is used to shift the 
origin to the left of the screen, this is done via software. 
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Display Unit word 


Display Unit word 


bit no. 15 14 13 
















sign Nixie, 


aOQ =+ 


1=- 


MSB = most significant bit 


da = don't care 


bit no. 15 14 13 


1=5 multi- 
plier light 
on 


1=2 multi- 

plier light 
on 

1=1 multi- 

plier light 
on 


bit no. 15 14 13 


WORD 1 


12 1110 9 8 7 6 5 


hundreds 
Nixie BCD 


MSB of tens Nixie 
BCD 


MSB of units Nixie BCD 


1 = Freq 
1 = Log 

1 = Polar 
1 always 


WORD 2 


12 11 10 9 8 


remaining BCD 
bits for hun- 
dreds Nixie, 
LSB — right 


remaining BCD bits 
for tens Nixie; 
LSB — right 





remaining BCD bits for units 
Nixie; LSB — right 


LSB = least significant bit 


WORD 3 


1211109 8 76 5 4 8 2 





bit no. 15 14 13 


sign 


X data word 


WORD 4 
12 1110 9 8 7 6 5 4 3 2 


Y data word 1 always 


0 
always 


Display Unit Word-To Computer 


When the Display Unit sends back the device flag it also sends a data 
word back indicating the Display Unit control settings. The format 
of this word is as shown below: 


bitno,15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 





VC = Vertical SCALE Switch change. Binary number equal to num- 
ber of upscale or downscale step changes on SCALE switch. 


Pe sign 
Position | no. of changes 3 2 1 0 
bit no. 15 14 13 12 11 10 





Oo 






_— ' 





SOlCOrpol ol ololoj ele 
COlhrolTol~ oj; o!;elol|loaojo 
elie Re OL oOl]loloralsoe 
KP Ooi e/ Ee |/ololojre 
OK ole | ole lopRrio 





, horizontal log display 
complex display 

, imaginary part display 
real part display 

, origin at left of screen 


“ 


“ 


ES Ee i! Et et 
Of ae 
lou tt Woy 
bn ft fk peek pet 


AC = Phase angle scale code, as follows: 


bit no. 3210 


100°/div . . 2. . . . . 0100 
sO°/div . . . . . . . 1000 
45°/div . . . . . . . 0000 
°/div . . . . . . , 0010 
RAD/div . . .... . 1100 





Dis¥ 


jay Unit word 
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Y COMMAND 


The Y command transfers control from the Fourier program to the 
user-written Assembler-language program or programs. If one 
of the user's programs occurs as part of a program which the user 


- has entered and stored via the Keyboard, then the Y command must 


appear at the point where the user wants to initiate his own program. 
After the conclusion of the user program(s), control is passed to the 
next step in the Keyboard-entered program. 

+ 


The Y command, which can only be entered on the Teleprinter, has 
the following form: | 


(«) 


X is a space or any letter or integer. If X is a space, 
then the following SPACE may be omitted. 


| 


© 
OO 
® Lt 


where: 


Ni, N2 and N3 are optional program parameters having 
values from 0 to +32, 767. 


Elements may be defaulted, beginning with element N3 and working 
back through X. Default value in each case is 0, 


When the Keyboard entered program comes to the Y command, it 
jumps indirect to base page address 622g in the case of the 8K pro- 
grams or base page address 632g in the case of the 16K program. 
Inthese addresses the user may place the address of thefirst step of 
his program. The program then proceeds through the user's pro- 
gram. At the conclusion of the user's program, there must be a 
Jump to base page address 457g (in both 8K and 16K programs). 
From there, control will return to the Fourier program. The An- 
alyzer program will then continue with the stored program or go to 
the READY state. 


The 5450A 16K memory has the largest space for user-written pro- 
grams, amounting to 1472 (2, 700g) words, that is, from address 
35, 000g through 37,677g, plus 40 (50g) words for linkages available 
on the base page from addresses 1560g to 1630g. See Figure 9-1. 
In the 8K program there is no room for program words. However, 
the user can put program words in data memory space and thus ex- 
pand the amount of program memory available. This applies to the 
16K 5450A system also. Of course, data storage space is then cor- 
respondingly limited. 


Theterms of the Y commandare contained in addresses 421g through 
424g as shown in Figure 9-1. The Y command indirect address is 
located in address 622g in the 8K programs, and in address 632g in 
the 16K program. 


A NOTE ON THE INTERRUPT SYSTEM 


In all Fourier programs, the interrupt system is always on when the 
Fourier program is on. If, in the course of a user Assembler lan- 
guage program, the interrupt system is turned off, then before con- 
trol is returned to the Fourier program, all I/O channels must be 
turned off (with the CLC, 00 command) and the interrupt turned on 
(with the STF, 00 command). 


& 


OPTION 900 


Option 900 is a special software configuration that enables the user 
with a 16K 5450A to expand the space available for his own Assem- 
bler language programs to 7,959 words (17,427g). The software is 
created at the factory by assembling the 8K Fourier program with a 
16K Basic Control System and inserting the Y command capability. 
The trade-off is that the available data memory in the 16K system is 
now reduced to that of an 8K system, namely, 3,072 words. 


With Option 900, the following addresses are available for user- 
written Assembler programs: 1100 to 1630, on the base page; and 
21, 000 through 37,677, in upper core. All other pertinent addresses 
(except for the Basic Binary Loader) are the same as in the 8K mem- 
ory chart in Figure 9-1. 


Interrupt, 
Option 900 





APPENDIX 1: TELEPRINTER SYMBOLS 


b = space 
Non-alphabetical symbols-are listed at end. 


No default values for Keyboard commands are shown. These can be 
found under the detailed explanations of each command in Sections 
VI and VII. 


Teleprinter Symbol Keyboard Command 


Block Add: Add block N1 to block 0. 
Leave the result in block 0. 























+N1l ENTER 


Block Subtract: Subtract block N1 from 
block 0. Leave the result in 0. 


- Ni ENTER 
Block Size: Set block size to N1. 


BLOCK SIZE Nl ENTER 


CL Clear Total Block: Clear block N1. 
CLEAR N1 ENTER 
Clear Partial Block: Clear block N1 
from channel N2 to N38. 
CLEAR N1 SPACE N2 SPACE N3 
ENTER 


Correlation: Correlate block 0 with 
block N1 and leave the result in block 0. 


CORR N1 ENTER 

Convolution: Convolve block 0 with 
block N1 and leave the result in 
block 0. 

CONV NI ENTER 


Deleting Program Steps: Delete 
steps N1 through N2, 





DELET N1 SPACE N2 ENTER 
Display: Display block N1. 


DISPLAY N1 ENTER 


A-1 





A-2 


= at miele 


1 oe 


TELEPRINTER SYMBOLS (Cont‘d) 


Fourier Transform: Fourier trans- 
form blocks. N1 and N2. 


F N1 SPACE N2 ENTER 


aad LT. aA: plan, dein dnatatiiaimets * 


Inverse Fourier Transform: Inverse 
Epurier transform blocks N1 and N2. 


v7! N1 SPACE N2 ENTER 


Iinterval-centered Hanning Window: 
Hann block N1 with the interval- 
centered Hanning window. 


HANN IN1 ENTER 


Origin-centered Hanning Window: 
Hann block N1 with origin-centered 
Hanning window. 


HANN 0 N1 ENTER 


Inserting Program Steps: Insert 
after step Nl any number of steps. 


INSRT N1 ENTER 
Binary Output: Binary output from 
block N1 through interface channel 


16 and from N2 through interface 
channel 17, 


BINARY 0 N1 SPACE N2 ENTER 


Binary Input: Binary input into 
block N1 through interface channel 16 
and to interface channel 17. 


BINARY 1 N1 SPACE N2 ENTER 


Jump: Jump unconditionally to 
label N. 


JUMP N ENTER 
Keyboard Input Command, Block Fill: 
Keyboard one channel value into block 


N1 from channels N2 to N38. . 


KEYBOARD N1 SPACE N2 SPACE 
N3 ENTER 





A-3 


TELEPRINTER SYMBOLS (Cont’‘d) 


oa Teleprinter Symbol Keyboard Command 
Kb Keyboard Input Command, Point -by- 
(cont'd) Point Fill: Keyboard successive values 
into block N1 starting with channel N2. 
Y KEYBOARD Ni SPACE N2 ENTER 
Keyboard Scale Factor Input: Input 
amplitude scale factor NI, coordinate 
code N2, frequency code N3. 
KEYBOARD N1 SPACE N2 SPACE N3 
ENTER 
Keyboard Data Input, Time: Input real 
part, N1 
N1 ENTER 
Keyboard Data Input, Frequency: Input 
real part/magnitude, N1; imaginary 
part/phase N2. 
-_ N1 SPACE N2 ENTER 
L List an entire program from line 0. 
LIST ENTER 
List a Single Line, N1: 
LIST N1 ENTER 
List a Range of Lines from Line N1 to 
Line N2: 
LIST N1 SPACE N2 ENTER 
List from a Certain Line N1 to the end 
of the Program: 
LIST N1 SPACE (99 for 8K machines, 
199 for 16K machines) ENTER 


/ 
LN Label: Label N, where N is an integer 
N 









from 0 to 9 or a letter. 


LABEL N ENTER 


> Sub-Routine Jump: Jump to sub-routine 
labeled N. 
» SUB JUMP N ENTER 





TELEPRINTER SYMBOLS (Cont'd) 


Teleprinter Symbol Keyboard Command 





Log Magnitude: Convert the magnitude 
(or real part) of block N1 to log. 




























LOG MAG N1 ENTER 

Rectangular to Polar Coordinate Change: 
Convert block N1 from rectangular to 
polar coordinates. 

POLAR N1 ENTER 

Polar to Rectangular Coordinate Change: 
Convert block N1 from polar to rectan- 
gular coordinates. 


RECT Ni ENTER 


Print Output: Print out block N1 from 
channels N2 to N3. 


PRINT N1 SPACE N2 SPACE N3 
ENTER 


Interchange: Interchange block 0 with 
block N1. 


INTERCHNG N1 ENTER 


Store: Store data block 0 in block N1. 
STORE N1 ENTER 





Load: Load data block N1 into block 0. 
LOAD N1 ENTER 


Block Divide: Divide block 0 by 
block N1. Leave the result in 0. 


+ Nl ENTER 


Integer Divide: Divide block N1 by the 
integer N2 (N2 positive only). 


+ N1 SPACE N2 ENTER 


Block Multiply: Multiply block 0 by 
block 1. Leave the result in 0. 










MULT N1 ENTER 


Integer Multiply: Multiply block N1 by 
the integer N2 (N2 positive only). 


MULT N1 SPACE N2 ENTER 


TL 
a 


A-5 





Teleprinter Symbol 


TELEPRINTER SYMBOLS (Cont'd) 


Keyboard Command 





Block Conjugate Multiply: Multiply 
block 0 by the complex conjugate of 
block N1. Leave the result in 0. 







MULT* N1 ENTER 










Rotate or Shift: Rotate or shift block 
Ni, N2 channels to the left. 





«< Nl SPACE N2 ENTER 


Integrate: Integrate block N1 from 
channel N2 to N3. Result in block N1. 






f Ni SPACE N2 SPACE N3 ENTER 


Differentiate: Differentiate block Nl. 





d/dx N1 ENTER 

















Sub-Routine Return: Return to next 
program step after sub-routine jump 
step. 

SUB RTRN ENTER 


Program End: End of program. 





Interrogate Pointer and Protected Loca- 
tions: List pointer location and start 
of protected range. 

? ENTER 


Terminate an Edit or Keyboard Entry: 
Terminate and close edit file. 


TERM ENTER 


Pointer: Set program pointer to line 
N1. 


POINT N1 ENTER 


APPENDIX 2: WHAT? MESSAGES ON TELEPRINTER 


When the WHAT? light on the Keyboard comes on, this is an indi- 
cation that an illegal command has been given. In addition, if the 
Teleprinter switch is set to LINE, an error message will be typed. 
The most common causes of errors are as follows: 


1. Ni, N2 or N3 in the command is an illegal block or channel for 
the block size set. i 


2. Ni, N2 or N3 is an illegal use of a negative integer. 

3. The symbol used for element 0 is incorrect. This would apply 
primarily to the keying-in of commands from the Teleprinter 
rather than from the Fourier Analyzer Keyboard, 

Some additional causes of WHAT? messages are given below in 


alphabetical order by the identifying symbol. 


Printout on Teleprinter 


BS WHAT? (BLOCK SIZE) 


1. Niis an illegal block size. Note: smallest allowable block size 
for 8K programs is 128. 


CL WHAT? (CLEAR) 


1. Niisa non-existent block for the block Size set. 


2. N2 or N3 is an illegal channel number for the block size set, 


CR WHAT? (CORR) 


1. Block 0 and N1 are in different domains (frequency and time). 


CV WHAT? (CONV) 


1. Block 0 and N1 are in different domains (frequency and time). 


I WHAT? (BINARY) 


lt. Theblock size or handshake bit received from the remote device 
was not correct. 


2. An illegal number was received. 


J WHAT? (JUMP) 


1, Label N does not exist. 





WHAT? MESSAGES ON TELEPRINTER (Cont‘d) 


RA WHAT? (ANALOG IN) 


1. ADC is set in DUAL. Single channel command has been given. 
2. ADC is set in A.A. mode. Dual channel command has been given. 


RH WHAT? (HISTOGRAM) 
1. Sample rate greater than 5 kHz (At < 200 us). 
2. ADC in DUAL mode. 
| 
W WHAT? (PRINT) 


1. N2 or N3 exceeds block size for time domain or one-half block 
size for frequency domain. 


# WHAT? (COUNT) 


1. No label N exists. 


;WHAT? (+) 

1. In block divide, 0 and N1 are in different domains. 

2. Overflow has occurred in a pair of channels being divided during 
a block division. This WHAT? signal is different from all others 
in that it occurs after the operation (division of both blocks) has 
been completed. All other WHAT? signals occur before the 
operation is completed, and halt the operation. 

< WHAT? (SUB JUMP) 


1. Label N does not exist. 


> WHAT? 


1. Label N does not exist. 
2. - Sub-routines nested more than 3 deep. 


<WHAT? (SUB RTRN) 


1. No sub-routine entry. 
2. Sub-routines nested more than 3 deep. 


<WHAT? (<) 


1. N2 larger than the block size. 


$ WHAT? ( f ) 


1. N2 or N3 exceeds the block size. 
2. N2 or N3 exceeds one-half the block size for the frequency 
domain, 


INDEX 


-A- 


ADC (see Analog-to-Digital Converter) 
Addition key (+), block addition 
Aliasing in analog data sampling 
ANALOG IN key. . ., i 
Analog input, examples of inputting data 
Analog -to-Digital Converter: 

how analog data is sampled 

Sampling parameters , 

controls 

specifications, 

450A | 
D452A 

data word format . 

real time (buffered) ADC input — 
ARITHMETIC keys . : 
ARM-PLOT switch on Display Unit . 
Assembler language programs, user-written ; 
Attenuators, input, on ADC . 
Auto correlation 

wrap-around error . 

sample subroutine to eliminate wrap- -around error 
Averaging, spectrum: sample programs 

include auto and cross spectrum summation 

averaging, auto spectrum stable averaging, 

and auto spectrum exponentially decaying average 
Averaging, time: sample program 


Be 


Basic Binary Loader (BBL) 
reloading BBL tape heat 
Binary input/output mode ; 
BINARY key ._ , 
BLOCK SIZE key 
"Bootstrap" tape to reload Basic Binary Loader ; 
BUSY signal . 


S65 


CALIBRATE switch on ea cca Unit . 
Channel, meaning of . . ‘ 


CLEAR key 

Codes 
coordinate: table of . + «4-16, 4-20, 4- 
frequency: tableof . . . . . . 4-17, 4- 


format of frequency code word | 
Coherence function (and transfer function) sample 
program ‘ . 
Commands, Keyboard, structure of eM . 
COMPUTER- -NORMAL — FOURIER/ANALYZER switch 
Computer, remote, data input/output o & 
Conjugate multiply key : 
CONTINUE key. . 
CONVolution (auto and cross) key . 


3-13-3-20, 4-6-4- 


ie 


-6 
-8 
-1 
7 


3-4-3 -8 


| 3-4-3-8, 4-44-10 


4-124-13 


D-22-0 -26 


. 8-20-8-22 


. 8-1-8-17 


8-16-8-17 


2-6-2 -8 


"4-22-4-29 


4-22 
7-14 
2-6 


3-26, 4-20, 7-4 


7-16 


'5-27-5-31 





INDEX (Contd) 


-C- (Cont'd) 
Coordinate codes ‘ ‘ 4-16, 4-20, 4-23, 6-2, 6-6 
Coordinates available on Fourier Analyzer. . . . 1-4, 1-6, 4-16 
Coordinates, examples of setting . 3-22-3 -26 
CORRelation (auto and cross) key. . ; : 5-19 
Correlation, auto and cross, sample subroutine to 
eliminate wrap-around error . 5 -20-6-22 
COUNT key . T-12 
Cross correlation . ie 19-5 -22 
wrap-around error. . 5 -22-5 -26 
sample subroutine to eliminate wrap- -around error . 8-20-8-22 
Cross power spectrum... . . . 8-1~8-7, 8-10-8-11 
Coherence function (and transfer function) oa . 8-23-8 -28 
ae 
Data block, explanation of 3-1-3~-4 
Data block size key. . . 7-14 
DATA INPUT/OUT PUT keys _ Sections IV and VI 
DATA MANIPULATION keys 5-1-5-6, 6-8 
Data memory, description of . . d 1-3-4 
Data tape, how to load 4- 144-17, 4-21 
Data word, explanation , 3-1 
d/dx key ; 5-15 
Default in keyboard commands, meaning of 3-11 
DELETe key . ; . 7-5 
Af, see Resolution, frequency _ 
At, see Interval, sample 
Differentiation (a/ax) key. .. 5-15 
DISPLAY/INPUT switch on ADC 4-13 
DISPLaY key. Sa, 7 6-8 
Display Unit 
controls ; 6-11-6-12 
example of calibrating for normal ' use 6-9 
example of calibrating to read all-positive values 6-9 
data word format, from Computer. 9-7 
data word format, to Computer 9-9 
Division 
Block division 5-10-5-12 
Integer division . ‘ 5-9 
Driver: for ADC, user-written 9-5 
for Display Unit, user- -written . 9-7 
-E- 
EDITING keys . T-2—T-10 
Elements in Keyboard ‘cominands; “meaning ‘of. 3-10 
in Y command, meaning of. 9-10 
END key . . 7-44 
Ensemble averaging, sample program 8-16-~-8-17 
ENTER key .. 3-10, 3-16 
EXP MAG key (exponential magnitude coordinates) . . 5-3 
EXT CLOCK input on ADC ih Soe ‘ 4-13 
EXT CLOCK rate calculation for setting sample 
rate (Fs) on ADC externally , . 4-9-4-10 
EXT TRIGGER input on ADC 4-13 


an ell, | Fe 





INDEX (Cont’‘d) 


Pe 


Af, see Resolution, frequency 
factor, scale 
format of word, for benefit of user in writing 


Assembler language programs ....... . .9-4 
how to read display. . Be el ep ee CA -g Jet ae ered 
in manual (Keyboard) data entry toe ee ee) 6 4-18-4-20 
in punched tape input . . . . oe ew 0) 6 4-14-4-16 
in punched tape output. . . . . . . . . . . 6-6-6-7 

i ee ee ae 
F-lkey . . . Ge eee S's We «Pe eke) dr. tn7 EEO 


Fmax, see Frequency, maximum 


Fourier Program Tape, loading . . oe ee we «6B e2H-4 
Troubleshooting, if tape won't load soe ee ew) 24, 2-5 
Fourier transform, discussionof. . . . . . . . §-16-5-19 
Fourier transform keys (F, F-l) . a 5-15, 5-16 
Frequency codes, table of . . . os 4- 17, 4- 24, 6-3, 6-7 
format of frequency code word ck. ew ae Oe oe BD 
Frequency, maximum (Fax) 
meaning of . . . . . . hh. 8-8-3 -10 
how to calculate. , ~ oe wee 4-4-4-5 
example of setting a desired value of a ee eee 
Frequency resolution, see Resolution, frequency 
Frequency, sample (F) 
meaning of . . ~ oe ee ew) 68-4-83-5 
example of setting a . desired value of... . 469 
Fs, see Frequency, sample 
FUNCTION switch on Display Unit . . . . . . .. . 6-11 
2G 
GAIN control on Display Unit . . . . .... . . +. «6-11 
-H- 
Hanning functions 
Interval-centered Hanning function (HANNI) . . . . 5-33 
Origin-centered Hanning function (HANNO) . . . . 5-32 
Header words, in binary input/output . . . . . . . , 4-23 
HISTOGRAM key Be a 6, ~e Ge e. “eld 
Normalizing a histogram to unity, ‘sample 
program ....... . . . . . . 8-18-8-19 
So 
Input modes . . . . . . 1... SC Seetion IV 
INSeRT key : o> x BE ee ee ek . . 7-5 
Integration (/) key wh ote He Be Aroha a a, ko BS ISSBE ID 
INTERCHaNGe key. . . . . . . a 
Interface cards, Microcircuit 
for ADC ‘ a ee ae a ee ee eee 
for Binary Input/Output we I ee es es ck ee cs RD 
for Display Unit . . . .... .. . ,. ~~. ~~. ~«.9-+% 
Interrogate (? ) key . 7-9 


Interrupt system, as pertains to user - written 
Assembler programs ........ .. . . . 9-11 
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-F- 


Af, see Resolution, frequency 
factor, scale 
format of word, for benefit of user in writing 


Assembler language programs ..... . . . . 9-4 

how to readdisplay. . . oe ee RRR ee ee 

in manual (Keyboard) data entry toe ew wl ee) 418-4 -20 

in punched tape input. . . . . . . . . . 4144-16 

in punched tape output. . . . . . . . . . . 6-6-6-7 

E key). a. ee a Be OS Oe Ge ee ewe a OO a 0-15 
F-lkey . ... Sams ox -4oh @. des ca es LO 


Fmax, see Frequency, maximum 


Fourier Program Tape, loading tee ew 68h Re ARF 
Troubleshooting, if tape won't load toe ew wl we) 624, 2-5 
Fourier transform, discussionof. . .. . . . . 9-16-05-19 
Fourier transform keys (F, F-1) . ; 5-15, 5-16 
Frequency codes, tableof . . ... . whe 17, 4- 24, 6-3, 6-7 
format of frequency code word . ...... . «9-5 
Frequency, maximum (Fmax) 
meaningof . . . . . ee eee ee e+ 8-8-3-10 
how to calculate . . woe el ele) 6444-5 
example of setting a desired value of Mee ee Ho RSD 
Frequency resolution, see Resolution, frequency 
Frequency, sample (F.) 
meaning of . oe ew ee) 68 H4-3-5 
example of setting a 1 desired value of. te : Te & @ 39889 
Fs, see Frequency, sample 
FUNCTION switch on Display Unit . . ...... . 6-11 
“Ge 
GAIN control on Display Unit . . . . . .... . . 6-11 
-H- 
Hanning functions 
Interval-centered Hanning function (HANN]) . . . . 5-33 
Origin-centered Hanning function (HANN cu ~ . « «) 6582 
Header words, in binary input/output . . . oe ee 423 
HISTOGRAM key .. . rrr: co 0!) 
Normalizing a histogram to unity, sample 
program... .. .. . . + «+ + + 8-18-8-19 
A ie 
Input modes . . . . .. . . . . s +» « » « Section IV 
INSeRT key : S, sar. ee as oh ee Te: Se: Ae . . 7-5 
Integration (J) key oie, Ro Be St Seto 2, 2 oe YG "5 -13-5-15 
INTERCHaNGe key. . . wives” ee “Ge ce SE A tw cS J. we OD 
Interface cards, Microcircuit 
for ADC. . bit es. Sid aS Sat cat SP igre ws SR? tat GR 
for Binary Input /Output es 8 us tele See Se cath ote Sin See ie 4-22 
for Display Unit. <=. 4: a. Ge. 4 de “ea Re ee a DT 
Interrogate (? ) key 7-9 


Interrupt system, as pertains to user -written 
Assembler programs . ... .. . . + +. +. . Qi 
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~I- (Cont'd) 
Interval, sample (At) 
meaningof . . . . . . 6. «© «© «© ©» « « « 83-5-3-6 
how to calculate. ... - . « . 3-5-3-6, 3-9, 4-4-4-5 
setting a desired value of ‘ . . . « .3°16-3-17, 4-6 
Inverse Fourier transform (F-1) key . oe & £40 «a! 4 eG 
se 
DUMP REV: ch ge wh ar BH ee Oe cee Se ee ee RTO 
| Ke 
Keyboard datainput . . . . . . . . . . . »« 4-18-4-21 
KEYBOARD key .. . . . . 4-18-4-19 
Keyboard, picture of, showing page references 
foreachkey .. . ip Sa PR. EAS CBRL Bee vir ‘de vii 
commands, general form of ey Oe See. ee Me oh, CSTD. 
data input via, examples. . . . . . . . . 8-20-3-21 
BS ee 
LABEL key . . ee eee ee ee eo © | 
Length, total record (T) 
meaning of . . ... . . . 2. «. © « « »« $-5-3-6 
how to calculate. . . oe ee ew we) 635-3 -6, 3-9 
setting a desired value ag ce ee ee ee ee 
Line, starting a ies ols atagiven. . . . - . . 93-22, 7-15 
LIST key . ; ee ee Bay ar Gad Uw ve es 7-6—-7-9 
Loading a data fave ea ee ee 4- 14-4-17, 4-21 
LiQGAD Key s+ “je: ta casi se cat eS Bie Cen ee ‘ 5-4 
LOAD TAPE key . . . © 1 ee ee ee ee ee 28 
Logarithmic scales 
Vertical log scale (LOG MAG). . . . . . . 3-25, 5-2 
Horizontal log scale (ORIGIN: LOG) as 28 3-25, 6-12 
LOG MAG key (converts vertical scale to logarithmic) . <2 3882 
-M- 
Manual data input via ee oe ue ew we ew) 6418-4 -20 
examples . . . a a a rir D108 toy2 | 
Markers, example of using je ha GED RY ee Ua ie: ar ce 
MARKER switch on Display Unit . . . . . . . . . . 6-12 
Memory: 
data, formatof. . . . - «. « « 3-1-3-4, 9-2-9-3 
important addresses in, to ail user in writing 
Assembler language programs . . . . . . . Q9-2-9-3 
program, for Keyboard programs ae ae ae ee ee ee 7-1 
MODE switch on Display Unit .- . . . . . . . . . . 6-11 
Multiplication commands 
Block conjugate multiply ee 5-8 
Block multiply (MULT) . B. TeSe Se, Ot es eet gn IRS 
Integer multiply (MULT). . . . . .. . . . . 5-8 
MULTIPLIER switchon ADC . . . . . . . . « 4-4, 4-12 
MULT key. . , gd. vai fa, ie. BA, Seep Wt. es ee Se 5-8 
MULT* key ~ «© 2 © = 8 2 © 6 @ e© 4 8 5-8 
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sO< 
Option 900... ba -ue. sho ap. tae er vee oh? Ta. ve: Meee 
ORIGIN switch on Display Unit . fe MY hoa a oe SR, Sm Cede 
Output modes. . oo. ew he)hl)hl©) 6Section VI 
OVERLOAD VOLTAGE lights on n ADC Bai go ae cet’ BL ee ke ET 
-p- 
Parameters: data sampling inADC . . . . .3-4-3-10, 4-4-4-5 
program, in Assembler language programs : . 9-10 
Period, sample (T), see Length, total record 
PHOTOREADeR key . . ice Ow a ke ee ee Je, 
PLOT RATE switch on Display Unit ae ~ . . 6-12 
Plotter (HP 7004B), instructions for setting up and» 
using with Fourier sional ee Ae. tee . . . 6-14-6-17 
POINTer key. . ge Ugh: cae es te om TS 
POLAR ANG/DIV switch on Display Unit Ss ae ao es Ue es Oe 
POLAR key . . : ee a ee ee er a | 
POSITION control on n Display Unit . ba A. at a Se. e, OE 
Power spectrum 
auto, sample program : 8~-1-8-9, 8-12-8-15 
cross, sample program . . . . . . 8-1-8-9, 8-10-8-11 
how to calibrate scope for 2-3 a a), 6-11 (1.) 
PRINT key ; iA ee fe, Stee By te Os > a Bel 
PROCESSING operations — bo. GE we WE oO oe cae oc eetion: ¥ 
Programming 
via Keyboard: 
Learning to entera program. . . . . 3-26-3-33 
Sample programs. . . . .  . Section VOI 
user-written Assembler language programs . . section Ix 
PROGRAMMING keys on Keyboard . . .. . . .  T-11-7-14 
Program, sample 
coherence function : - . « « 8-23-8-28 
correlation subroutine, auto and cross, 
to eliminate wrap-around error. . . . . . 8-20-8-22 
normalizing a histogram to unity . . . . . . 8-18-8-19 
real time (buffered) ADC input. . . . . . . 8-29-8-30 
spectrum averaging 
auto spectrum summation average .. . 8-1-8-9 
cross spectrum summation avg.. 8-1-8- a 8-10-8-11] 
auto spectrum stable avg... . . 8-1-8-7, 8-12-8-13 
auto spectrum exponentially 
decaying average . . . . . 8-1-8-7, 8-14-8-15 
time averaging . . . . . . . 8-16-8-17 
transfer function . . . . . . . . . . . 8+23-8-28 
PROTeCt Key i> oa.) te ta Ae as ee “aoa See Se ee AS DD 
PUNCH Mey o3.. et poe val a cat aS A eh: > ae oe ae cn 6-5 
-R- 
Rate, sample, see Frequency, pene 
READY Signal ... So at Cue ee Me SS le Ge Se Bede ted 
Real time (buffered) ADC input ae ee ee GS Set ae BeBe SO 
RECTangular coordinates key . . . . . . . « 2. « 2. 2 3-2 
Remote computer, data input/output. . . . . . . 4-22-4-29 
REPEAT-SINGLE switch . . . . . . . eee 4D 


RePLACe key . . . 2. 1 7 ee ee we ew ww) FHT -3 





INDEX (Cont‘d) 


=u 


T, see Length, total record 

At, see Interval, sample 

Tape, data: how to load . 

Tape, punched paper 
entering via Photoreader 
entering via Teleprinter 
output via High Speed Punch 


-R- (Cont'd) 
Resolution, frequency (Af) 
meaning of ; . . 3-5, 3-7 
how to calculate 3-5, 3-7, 3-8 
example of setting a desired value ‘of. ~ . 4-4-4-5 
RESTART key .. a 4 2-2 
Rotate (<— ) key, to shift channels within a data block . . . 5-6 
RUB OUT key be. ak, > a et Cal eg Gh We RS CN 3-16 
os 
| SAMPLE MODE switch on ADC 4-12 
scale factor 
format of word, for benefit of user in writing 
Assembler language programs 9-4 
how to read display . . 3-19 
in manual (Keyboard) data entry 4-18-4 -20 
in punched tape input ’ 6-6-6-7 
in punched tape output 6-6-6-7 
SCALE switch on Display Unit . 6-11 
Scope 
calibration for normal use : 6-9 
calibration to read positive values only: . 6-9 
external (HP 1300A), instructions for “setting 
up and using 6-13 
Serial numbers, explanation of . . 1-2 
Service information, see Fourier Analyaée: Systetn 
Service Manual 
Shift (<~ ) command, to shift channels within a data block . . 5-6 
SLOPE switch on ADC a a : 4- 13 
SPACE key _3- 10, Sections V, Vo 
Specifications 
S450A . 1-4-1-5 
D452A . ; ‘ 1-6-1-7 
Starting the Fourier Analyzer P . Section II 
Starting a program running . . 3-32, 7-2 
STEP-RUN switch . 7-16 
STOP key. 7-16 
STORE key .. 0-5 
SUB JUMP key . 7-13 
SUB ReTuRN key .. : 7-14 
Subtraction ( - ) key: block subtraction 5-7 
SWEEP LENGTH switch on Display Unit 6-12 
Symbols, Teleprinter, meaning of Appendix 1 


4-14-4-17, 4-21 


4-14-4-17 
. 4-21 
6-5-6-7 





INDEX (Cont‘’d) 


-T- (Cont'd) 
Teleprinter 
cable hook-up to Fourier Analyzer . . . . . . 2-0, 2-1 
meaning of symbols... . oo. el lel)hU™)hl)6hUAppendix 1 
meaning of WHAT? messages . oo. . ss . . Appendix 2 
TERM key. . Song. a. ats TG 
Transfer function (and coherence function) sample 
program. .- - + + 8-23-8-28 
Transferring data from one Hiouk to another 
(LOAD, STORE) - - .- woe ee ee ee 8H 4-6-5 
Transform, Fourier, Aiecuasion of Lowe ee ee) 66H 16-H-19 
TRANSFORM RELATED keys - - - + + + + + + 5-13-6-34 
TRIGGER LEVEL switch on ADC . . - - - - - + + + 4-18 
TRIGGER OUTPUT on ADC. . 5 age ce te ee A et ok TOES 
TRIGGER SOURCE switch on ADC. So ek 2 oe oe of RG 


Troubleshooting information, see Fourier Aualveer 
System Service Manual 


Turn-on/off procedure . .. .. .. .. . . Section I 
TYPE switch onDisplay Unit . ...... ... . 6-22 
rm oe 
Uncalibrated operation . . . . .... .. . . 6-11 (3.) 
EVs 


Voltage spectrum, how to calibrate scope for . 2-3 (3.a), 6-11 (1.) 


-W- 


Warranty, Cathode Ray Tube .. oe ce eee? 
WHAT? messages on Teleprinter, meaning of 
Determining which line during a program caused 


WHAT? signal 0, . . . . . . Appendix 2 
Words, header, in binary input/ output a 7-15) 
Wrap-around error in correlation functions 

discussionof. . . . . . . . . . « + « 5-22-5-26 
how to eliminate. . ow ee) 6 24-8-26 
sample subroutine for elimination of . oe ee) 6 BH20-8-22 
Writing a program. . ... . . . . . 3-26-3-33, 7-1-7-2 
ms, ge 
Y command, to interface user-written and 
Keyboard entered programs . . . . . - - + - + + 9-10 
SYMBOLS 

+ (Addition) key . ge. Ae of: YB 

- (Subtraction) key (Note: - Key in ADDRESS block 
is minus Sign). . . . : er Sih, aX4? dae Ma 8 .5-7 
+ (Division) key. . oho, ae hs ine My Soe we ee he oe e 9-5 - 12 
«— (Rotate or shift) key du: Gh where Re ee ele Se RS 5-6 
JS (Integration) key . . 2. 2... ee ee §-13-5-15 


? (Interrogation) key. . . . 2... ee ee ee . 7-9 





ALABAMA 

P.O. Bor 4207 

2003 Byrd Spring Road $.W 
Huntavlite 35802 

Tel: (205) 381-4591 

TWH: 820-726-2204 


ARIZONA 

3009 North Scoilsdale Road 
Scottsdale 45251 

Tel: (602) 945-7601 

TWX. 910-950-1282 


5737 East Broadway 
Tacsen BS716 

Tel. (602) 296-2313 
TWX: 910-952-1162 


CALIFORNIA 

1430 East Orangethorpe Ave 
Fultertanm 92631 

Tei: (714) 870-1000 


3939 Lonkershim Boulevard 
Herts Haliywood 91604 

Tel: (213) 877-1282 

TWX: 910-499-2170 


1101 Embarcadero Road 
Pale Alte $4303 

Tel; (415) 327-6500 
TWE: 910-373-1280 


2220 Wall Ave. 

Sacramento 95625 
Tel: (916) 482-1463 
TWX: 910-367-2092 


1055 Shatter Street 
San Blege 92106 

Tel: (714) 223.8103 
TWX: 910-315-2000 


COLORADO 

7965 East Prenlice 
Eaghewoud 40110 
Tel: (303) 77)-3455 
TWX: 910-935-0705 


ARGENTINA 

Hewtett-Pachard Argentina 
$.a.C.e.1 

Lavaile 1171-3 

Gwenes Ales 

Tei: 35-0436, 35-0627, 38-043] 
Telex: 012-1009 

Cable: HEWPACKARG 


SRAZIL 

Mewlett-Packatd Do Brasil 
(.e.0 Ltda 

Rua Coronel: Oscar Porto, 691 
Sap Pale - 4, SP 

Tel: 268-7111 

Cable: NEWPACK Sao Paulo 


Hewlett Packard Oo Brasil 
fet. Lida 

Rua da Matriz 29 

Botafoga 70-02 

Rie de laneire, G8 

Tel: 246-4417 

Cable: HEWPACK Rio de janeuo 


ALBERTA 

Hewlett-Packard (Canada) Lig. 
11745 Jasper Ave. 

tdementen 

Tel: {403} 482-555) 

TWX: §10-631-243] 


CONNECTICUT 
208 Tolland Slreet 
East Hartford 06108 
Tel: (203) 289-9394 
TWX: 710-425-3416 


11} East Avenue 
Nerwalk 06051 

Tel: (203) 853-125) 
TWX. 710-468-3750 


DELAWARE 

3941 Kennett Pike 
Wilmington 193807 

Tei: (302) 655-6161 
FWX: 510-656-2214 


FLORIDA 

P.O. Box 24210 

2806 W. Oakland Park Bled 
Ft. Lauserdate 33307 

Tel; (305) 731-2020 

TWX: 510-955-4099 


P.O. Box 20007 

Herndon Station 32814 
621 Commonwealth Avenve 
Orlanés 

Tel: (305) 842-3870 

TWX: 610-850-0133 


GEORGIA 

P.O. Box 28234 

480 Inlerstate Worth 
Atiania 30328 

Tel: (404) 436-618) 
TWX: 810-766-4890 


ILLINGIS 

5500 Howard Strect 
Skokie 60076 

Tei: (312) 677-0400 
TWX: 920-223-3613 


INDIANA 

3B39 Meadows Drive 
Indianapalis 46205 
Tel: (317) 546-489) 
TWX: B10-341.3263 


CHILE 

Héctor Calcagni y Cia, Ltda 
Bustos, 1932-3er Piso 
Casitla 13942 

Santiago 

Tel: 4-2396 

Cable; Calcagni Santiago 


COLOMBIA 

lnsteumentacion 

Henrik & Langebark & Kier 
tiga 

Carreta 7? No. 46-59 

Apatlado Aereo 6287 

Mogeta, 1 D.€, 

Tel: 45-78-06, 45-55-46 

Cable. AARIS Bogota 

Telex: 044-400 


COSTA RICA 

Lic, Allredo Gallegos Gurdién 
Aparlado 3243 

San José 

Tel. 22-86-13 

Cable: GALGUR San ioxé 


BRITISH COLUMBIA 


Hewlett-Packard {Canada ttd. 


4519 Canada Way 
Marth Burnaby 2 
Tel: (604) 433-8213 
TWH: 610-922-5059 


HEWLETT: PACKARD 


ELECTRONIC INSTRUMENTATION SALES AND SERVICE 
UNITED STATES, CENTRAL AND SOUTH AMERICA, CANADA 


UNITED 


LOUISIANA 

P.C. Box 856 

1442 Williams Boulevard 
Wanner 70062 

Tel: ($04) 721-6201 
TWH: 810-995-5524 


MARYLAND 

6707 Whitestone Rosd 
Galtiemare 21207 

Tah: (301) 544-5400 
TWX: 710-862-0850 


P.O. Box 1648 

2 Cooke Cherry Avad 
Reckville 20850 
Tel: (301) 948-6376 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hariwell Ave. 
Laxiegten 02173 
Tel: (617) 661-8960 
TWX: 710-326-6904 


MICHIGAN 

24315 Northwesiern Highway 
Seuthiield 49075 

Tel: (313) 353-9100 

TWA: 610-224-4882 


MINNESOTA 

2459 University Avenue 
St. Paul $114 

Tel: (612) 645-9461 
TWX: 910-563-3734 


MISSOURI 

1113) Colorado Ave. 
Kansas City 64137 
Tel: {816} 763-8000 
TWX; 910-771-2087 


2812 South Breniwood Blvd 
St. Lawis 63344 

Tel: (314) 962-5000 

TWX: 910-760-1670 


NEW JERSEY 

W, 120 Century Road 
Paramus 07652 

Tel: (201) 265-5000 
TWX: 710-990-495) 


STATES 


1060 NW. Kings Highway 
Cherry Hilt 08034 

Tel: (609) 667-4000 
TWX: 710-892-4945 


NEW MEXICO 

P.0. Box 5366 

Station ¢ 

650] Lamas Boulevard NE 
ANwgaperqua 47108 

Tel; (505) 265-3713 

TWR: 930-989-1665 


156 Wyatt Orive 
das Cruces 886001 
Tel: (505) 526-2485 
TWX: 910-983-0550 


NEW YORK 

1702 Centra} Avenve 
Albany 12205 

Tel: (518) 869-8462 

TWX. 710-441-5270 


1219 Camoville Roed 
Endiceatt 13760 

Fel: (607) 754-0050 
TWX: 520-252-0890 


82 Washinglon Street 
Pomghkerptie 1260) 
Tel; (914) 454-7330 
TWX: 510-248-0012 


39 Saginaw Orive 
Rechester 14623 
Tel: (716) 473-9500 
TWX: 510-253-598) 


1025 Northern Goulevard 
Resiyn, Leng Isfané 11575 
Tel: (516) 869-8400 

TWX: 510-223-081) 


5856 East Molipy Abad 
Syracuse 13211 

Tel: (315) 454-2486 
TWX: 710-561-0482 


NORTH CAROLINA 
P.O. GQox 5188 

1923 North Main Street 
High Polat 27262 

Fel: (919) 885-8101 
TWX: 510-926-1516 


CENTRAL AND SOUTH AMERICA 


ECUADOR 

Laboratorios de Radio-Ingemeria 
Calle Guayaquil 1246 

Post Office Bor 31599 

Avite 

Tel; 12496. 

Cable: HORYATH Quito 


EL SALVADOR 

Electronica 

Apartada Poslal 1589 

2? Avenida Norte 1133 

San Salvader 

Teh: 25-74-50 

Cable: ELECTRONICA 
San Salvador 


GUATEMALA 

Dlander Associates Latin America 
Apartado Postal 1226 

Ruta 4, 6-53, Zona 4 

Guatemala City 

Tet: 63958 

Cable: OLALA Guatemala City 


MEXICO 


Hewletl-Pachacd Mexicana, S.A, 


oe CY, 

Moras 439 

Col. de) ¥aile 
Meaico )2, O.F. 
Yel 5-75-46-49 


NICARAGUA 

Raberlo Terén G. 
Apartado Postal 689 
Egificio Teran 

Mavagua 

Tet; 3451, 3452 

Cabie: ROTERAN Managua 





CANADA 


MANITOBA 
Hewielt-Packard (Canaca: Ltd 
$11 Bradford Ct 

St. James 

Tel. (204) 785-7581 

TWX: 610-671-353) 


NOVA SCOTIA 
Hewlelt-Packard (Canada) Lid 
2745 Dutch Village Rd. 

Sule 203 

Hatifax 

Tel; (902) 455-051) 

TWK: 610-271-4682 


OHIO 

25575 Center Ridge Seed 
Clavaland 44145 

Tel: (216) 835-0300 

TWX: 810-427-9229 


3460 South Dixie Drive 
Dayton 45439 

Tel: (593) 298-0351 
TWX: 610-459-1925 


1120 Marst Road 
Columbus 43229 
Tel: (614) 846-1300 


OKLAHOMA 

2919 United Founders Boulevard 
Ohlahpma City 73152 

Tet: (40S) 848-2801 

TWK: 910-830-6862 


OREGON 

Westhilis Mali, Suite 158 
4475 S.W. Scholla Ferry Road 
Partiand $7225 

Fel: (503) 292-9171 

TWX: 910-464-6193 


PENNSYLVANIA 

2500 Moss Side Boulevard 
Monreevilbe 15146 

Tel: (412) 271-0724 

TWX: 710-797-3650 


1021 Bth Avenue 

King of Prussia Industrial Park 
Wing uf Prussia 39406 

Tet; (215) 265-7000 

TWX; §10-660-2670 


RHODE ISLAND 
473 Waterman Ave 
East Providence 02914 
Tel; (401) 434-8535 
TWX: 710-381-7573 


TEXAS 

#.0. Box 1270 
201 E. Arapaho Rd 
Hichardson 75080 
Tel; (214) 231-6101 
TWR: 910-867-4724 


PANAMA 

Eiectrénico Balboa, $.A. 

P.O. Box 4929 

Ave. Manvel Espinosa No. 13-50 
Bldg. Alina 

Panama City 

Tel: 30833 

Cable: ELECTRON Panama City 


PERU 

Fernando Ezela 8. 

Avenida Petit Thowars 4719 
Mirattores 

Casilla 3061 

dima 

Tel. 45-2335 

Cable: FEPERU Lima 


PUERTO RICO - 

San Juan Electromes, Inc 
P.d. Box 5167 

Ponce de Leon 154 

Péa. 3-Pta, de Tierra 

San Juan 00906 

Tel: (809) 725-3342 

Cabdie: SATROMICS San juan 
Telex: SATRON 3450 332 


ONTARIO 

Hewletl-Packard (Canada) Ltd 
880 Lady Ellen Place 

Ottawa 3 

Tel; (613) 722-4223 

TWX: 610-562-1952 


Kewleti-Packard (Canada) Lid 
50 Galaxy Blvd, 

Asadale 

Tel; (415) 677-9611 

TWK: 610-492-4246 


P.Q, Box 22813 
6300 Westpark Orive 
Suite 100 

Heuston 77027 

Tel; (713) 781-6000 
TWX: 9)0-B81-2645 


231 Billy Mitchell Road 
San Antonio 78226 
Tei: (512) 434-4171 
TWX: 910-871-1170 


UTAH 

2890 South Maln Street 
Sait Lake City 64315 
Tel; (S01) 487-0715 
TWX: 910:925-568) 


VERMONT 

P.O, Box 2287 

Kennedy Drive 

Seuth Burlington 0540) 
Tel: (B02) 656-4455 
TWK: 710-224-1841 


VIRGINIA 

P.O. Bor 6514 
2111 Spencer Road 
Richmend 23230 
Tel: (703) 285-343} 
TWX: 720-956:0157 


WASHINGTON 
433-10ath HE. 
Bollevwe 98004 
Teh: (206) 454-397) 
TWX: 910-443-2303 


“WEST VIRGINIA 
Charleston 
Tei: (304) 768-1232 


FOR U.S. AREAS NOT 
LISTED: 

Conlact the regional pifice near- 
esl you: Atlanta, Georgia... 
North Hollywood, California... 
Paramus, New Jersey... Skohie, 
IWinels, Their complete ad- 
dresses are listed above. 


"Service Only 


URUGUAY 

Pablo Ferrando S.A, 
Comercial © Industrial 
Avenida Italia 2677 
Casilla de Correo 370 
Mentevides 

Tel: 40-3502 

Cable: RADIUM Mantevideo 


VENEZUELA 

Hewletl-Packard De Venezuela 
CA 

Apaslado $0933 

Caracas 

Tel: 71.88.05, 71.88.69, 71.99.30 
Cable; HEWPACK Caracas 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Atta, California 94304 

Tel: {415} 326-2000 

TWX. 910-373-1267 

Cable. HEWPACK Pala Alto 

Telex: 034-8461 


QUEBEC 

Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 

Pointe Claire 

Tel (514) 697-4232 

TWR: 610-422-3022 

Telex: 01-20607 


FOR CANADIAN AREAS NOT 
LISTED: 

Contact Hewieti-Pachard (Can- 
ada) Lid. in Pointe Claire, at 
lhe complete address listed 
above. 


E 7-70 


rename 





